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1.1 Scope of the thesis 

In this thesis trends in the incidence and survival of patients with lung cancer since 
1960 in the southeastern part of the Netherlands are described and interpreted. These 
trends may provide an insight into changes in mortality due to lung cancer in a region 
with the oldest cancer registlY in the Netherlands. Chapter 1.2 contains a review of 
literature on trends in the incidence and survival of lung cancer. The methods used for 
the studies of this thesis are described in chapter 2. 
Only since the beginning of this century has lung cancer become fairly common, the 
incidence increasing dramatically since the 1940s. ' ·

2 It has become by far the most 
frequent type of cancer among Dutch men since the 1960s, causing 35% of all cancer 
deaths. Among Dutch women it now ranks third, causing II % of all cancer deaths.3 

Smoking is the most important risk factor for lung cancer,4,S now causing about 80% 

of all lung tumours in men and about 60% of all lung tmllours in women. Changes in 
smoking habits and lung cancer incidence in the southeastern part of the Netherlands 
and the marked differences between men and women are described in chapter 3. An 
aetiological background for each sex could be obtained from birth cohort analyses and 
from intraregional differences, especially since this region contained many tobacco
processing industries. 
Lung cancer is commonly classified as small-cell carcinoma and non-small-cell 
carcinoma. The latter includes squamous cell carcinoma, adenocarcinoma, large-cell 
undifferentiated carcinoma, and some rare subtypes. However, the broad division into 
small-cell carcinoma and non-small-cell carcinoma may obscure shifts in incidence 
and prognosis that affect one histological subtype rather than the entire group of non
small-cell lung tumours.6 Small-cell carcinoma is a highly aggressive neoplasm, which 
is rarely amenable to surgical treatment but often responds well to chemotherapy 
andlor palliative radiotherapy, albeit only for a few months. According to clinical 
trials, the short-term survival rate for patients with small-cell carcinoma seems to have 
improved since the introduction of chemotherapy. However, little is known about 
trends in long-term survival for unselected patients. Changes in survival rates, 
according to the major histological subtypes of lung cancer, are described and 
interpreted in chapter 4. Trends in survival rates may give an indication of variations 
in detection, aggressiveness of the tumour and treatment over time. 
Since the mean age of lung cancer patients is rising as a result of ageing of the general 
popUlation and declining mortality due to cardiovascular diseases, the proportion with 
serious co-morbidity is increasing. Co-morbidity is an independent determinant of 
prognosis (regardless of the chosen therapy) and often necessitates modifications of 
andlor adversely influences therapy.7 The prevalence of severe co-morbid conditions 
among patients with lung cancer and the relationship with therapy for patients with 
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small-cell carcinoma and non-small-cell carcinoma are described in dcpth in chapter 
4.3. This chapter provides an insight into the growing complexity of care for lung 
cancer patients. 
In chapter 5 changes in incidence and survival rates in the southeastern part of the 
Netherlands between 1978 and 1992 arc compared with those in other European 
countries. International variations may largely be explained by differences in data 
collection, smoking behaviour and access to specialized care, 
In addition to the two major histological types (small-cell carcinoma and non-small
cell carcinoma) there are also less common tumours of the respiratory tract that clearly 
differ in aetiology and prognosis:8 mesotheliomas, carcinoid tumours, 
carcinosarcomas, sarcomas and malignant melanomas. Since little is known about 
aetiology, growth rate and sensitivity to therapy, changes in the incidence and survival 
of these uncommon tumours are described in chapter 6. 
In the general discussion, chapter 7, thc quality of our data is considered and the 
insights gained from this thesis are evaluated. 
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1.2.1 Introduction 

At the beginning of this century lung cancer was a very rare disease. Since the World 
War II, rates in North America, Australia, New Zealand and Europe have increased 
dramatically and lung cancer could be called 'one of the epidemics' of the 20th 

century. The increase was first recognized in autopsy series,l Nowadays lung cancer is 

the first or second most frequent tumour type among men and ranks second or third for 
women,2-5 It causes 10- I 5% of aU cancer deaths.6 

When reporting on trends in mortality one should realize that these trends arc 
influenced by trends in incidence and survival. Studies on trends in incidence of the 
histological sUbtypes of lung cancer may help us to recognize aetiologic changes over 
time, while studies on trends in survival will reveal changes in detection, 

aggressiveness of the tumour and treatment over time. Since the incidence of the 
histological subtypes of lung cancer has changed dramatically over the last two 

decades, we now review time and birth cohort trends in the incidence and prognosis of 
lung cancer in North America, Australia, New Zealand, and Europe, according to 
geography and histological subtype, and summarize explanations for the changes in 

mortality. Trends in incidence are described in the first part of this review, while the 
second part focuses on trends in prognosis, which so far have received little attention. 

We focused on North America, Australia, New Zealand and Europe, because the 
epidemic of smoking and the subsequent temporarily very high incidence of lung 

cancer in these countries are illustrative for other parts of the world where smoking is 
on the rise. 

1.2.2 Methodological cOIlsideratioIls 

This review was based on a computerized (Medline database 1966-1997) and a manual 
search. Included were English~wrillen, peer-reviewed articles on trends in incidence, 

mortality, risk factors, prognostic factors and survival for the histological subtypes of 
lung cancer. 

C/ass(/ica I ion 
Lung cancer is commonly classified as small-cell carcllloma and a heterogeneolls 

group of non-small-cell carcinomas, which includes squamous cell carcinoma, 
adenocarcinoma, large-cell carcinoma, and some rare subtypes, such as 
adenosqllamolls cell carcinoma, mucoepidermoid carcinoma and adenoid cystic 

carcinoma. The first histological classification of lung tumours by the World Health 
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Organization (WHO) was published in 1967 and revised in 1981.7 The major 
difference between these two classifications was that a solid carcinoma with mucus 
formation was classified as 'large-cell carcinoma' in 1967, and as 'adenocarcinoma' in 

1981. In some papers undifferentiated carcinomas were included in the group of 
'large-cell undifferentiated carcinomas', in others they were not. Large-cell 
undifferentiated cm'cinoma has frequently been called a 'wastebasket' or noncntity, 
because the carcinomas are so poorly differentiated that squamous or glandular 
differentiation is no longer evident at the light microscopic level. Thus, the incidence 
of this histological subtype vm'ies with the criteria used to classify the other forms of 
non-small-cell lung cancer. Primary adenocarcinoma of the lung may be difficult to 
distinguish from pulmonary metastases of adenocarcinoma of the breast, prostate, 
colon, rectum or stomach. However, in most population-based or hospital-based 
registries the diagnosis is corrected when the primary tumour is found. Although 
bronchioloalveolar carcinoma is a distinct pathological entity,8,9 it is similar to 
adenocarcinoma as far as gender, stage, race and age distribution and long-term 

survival are concerned. 1O 

Quality of the data 

There are differences in completeness of data between the various countries. This 
depends not only on the completeness of the registries but also on the degree of 
ascertainment (access to specialized care and the availability and quality of death 
certificates). If access to specialized care is good and the cancer registry also collects 
data from death certificates, then the completeness will be about 100%. In the case of 
good access to specialized care but a lack of death certificates, completeness will be 
higher if the registry also collects data on cases with only a clinical diagnosis, but 
some elderly patients will inevitably be missed. If access to specialized care is poor, 
completeness may not be very good, even if death certificates are available, because 
the death certificates are more likely to contain serious errors. Access to specialized 
care depends on the number of chest physicians and/or internists per one million 
inhabitants, the distance to hospitals and the extent of health insurance coverage. The 
completeness of cancer registries also depends on the number of sources of data, such 
as the pathological laboratory, hospital record offices and radiotherapy institutes. 
Another indicator of the completeness of the data is the mortality/incidence ratio, 
which should be almost equal to one in the case of this lethal disease.' 

Stage migration 
When reporting on trends in stage distribution one should take into account 'stage 
migration': through improved diagnostic techniques lymph node involvement or 
distant metastases can be found more easily, thus some tumours that were identified as 
localized in the past will be considered as metastasized nowadays. I I 
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Figllre 1 Trellds ill age-stalldardized illcidellce rates (WSR) per 100,000 persoll
years. Source: Cancer I1lcidence ill Five Conti1lents, Vol. IV, V, VI, VII 
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1.2.3 Time and birth cohort trends in incidence 

Geographicalvariatiolls 
Worldwidc malc lung cancer incidence rates between 1988 and 1992 were highest 
(>50 per 100,000 person-years) in the United States, Canada, New Zealand (Maori) 
and most European countries, moderate (35-50 per 100,000) in China, Ireland, Malta, 
Spain, Australia and New Zealand (non-Maori), and low «35 per 100,000) in Utah 
(United States), Latin America, most Asian countries, Iceland, Norway and Sweden.2 

For women lung cancer incidence rates were exceptionally high (>50 per 100,000) in 
New Zealand (Maori), high (20-50 per 100,000) in the United States, Canada, 
Denmark, Iceland and the United Kingdom, moderate (10-20 per 100,000) in 
Australia, New Zealand (non-Maori), Utah (United States), Austria, Germany, Ireland, 
the Netherlands, Norway, Poland, Sweden, Switzerland and Asia, and low «10 per 
100,000) in Latin America, other European countries, India and Africa.2 

Incidence rates for lung cancer in North America, Australia, New Zealand and Europe 

have changed markedly over the past two decades. Figure 1 shows the trends in age
standardized incidence rates. In North America, Australia, New Zealand and most 

countries of northwestern Europe the age-standardized rate for men increased 
markedly up to the 1970s or 1980s and then started to decline first among middle-aged 
men and later in the older age groups.3.12~23 In southern and eastern Europe the peak in 
incidence was not reached at the beginning of the 1990s.2,21,24.26 For women lung 

cancer incidence (being much lower than that for men) started to increase later and is 
still on the rise, except in southern Ireland and Switzerland (Geneva), In the United 
States, the Netherlands, Italy and Switzerland the highest rates were found for men 
born between 1910 and 1930 and women born after 1930,17,18,20,21,27 

Variatiolls betweell histological types 
The trends in lung cancer incidence were not the same for every histological type. 

Among men in the United States and western Europe the age-standardized incidence 
rate for squamous cell carcinoma rose to 25-60 per 100,000 person-years in the early 
1980s and then declined to 20AO in the 1990s, The same trend was found for small
cell carcinoma, the peak (12-18 per 100,000 person-years) also being reached at the 
beginning of the 19805, The rates for adenocarcinoma rose from 5-15 per 100,000 
person-years in the 1970s to 10-35 in the 1990s;15,17.20,22,28.31 in the United States 

(black men) and the southeastern part of the Netherlands the peak was reached at the 
end of the 1980s; for white American men a plateau was reached in the early 
1990s. 18

.1
9 In other countries the peak in the incidence of adenocarcinoma had not been 

reached at the beginning of the 1990s, 
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Among European women the incidence rate for every histological type increased from 
1-2 per 100,000 in the 1970s to 2-5 in the 19908.15.17-20.22.28-31 However, for American 

women the rise in the incidence of adenocarcinoma from 2-7 per 100,000 to 13-15 was 

Figllre 2 Percelltage distribution of microscopically verified cases by histological 

subtype (1988-1992). 

Source: Cancer Incidence in Five Continents, 1'01. ,V, V, VI, Vll 
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markcd,I1,IY,22 In Australia and Europe squamous cell carcinoma is still the most 

common type of cancer among men, whereas in North America adenocarcinoma is 

now the leading lung cancer cell type among both men and women (figure 2). 

Adenocarcinoma is relatively more common in women (representing about one third 
of ulllung carcinomas) than in men (15-25% of all lung carcinomas). 
There was also a birth cohort trend apparent for the different histological subtypes of 
lung cancer: squamous cell carcinoma declined among men born afler 1910-25, 

whereas adenocarcinoma only declined among men born after 1930-35, or even 
1 172U·22 A . C . h"d f II ateI'. ' mong women III onnectlcut t e mCI ence rates or squamous ce 
carcinoma and adenocarcinoma have decreased since birth cohort 1930_39,22 however, 

in Italy and Switzerland the rates for adenocarcinoma among women increased at least 
up to the 1950-59 cohort.'o.2I Among Swiss women the rate for squamous cell 
carcinoma started to decrease with birth cohort 1940-49.20 

Discllssion of incidence 

Several studies published since 1948 have indicated that smoking tobacco is the main 
cause of lung cancer; the latency time is between 15 and 25 years.32

.
40 A direct link 

between a defined cigm'ette smoke carcinogen and human lung cancer mutations was 
not found until 199641 The relative risks of smoking ill'e two to four times higher for 
squamous cell carcinoma and small-cell carcinoma (RR between 10 and 50) than for 
adenocarcinoma (RR between 2 and 15).37.42.48 The strength of the association between 

smoking and lung cancer cell types seems to be related to tumour location: 
adenocarcinoma is known to occur primarily in the peripheral lung zones, whereas 

squamous cell carcinoma and small-cell carcinoma occur mainly in central or hilar 
locations. 37

,44,49.50 Higgins and Wynder (1988) showed that when a smokcr stopped 
smoking the decline in risk was more consistent for squamous cell, small-cell and 
large-cell undifferentiated carcinoma than for adenocarcinoma. 51 The association 
between smoking and lung cancer cell type is probably related to the inhalation 
pattern, e.g. a case-control study conducted in the United States between 1977 and 
1984 revealed that lung cancer in cigar and pipe smokers was more likely to be a 
central (squamous cell or small-cell carcinoma) than a peripheral lesion 
(adenocarcinoma); the authors speculated that cigar and pipe smoke are not inhaled as 
deeply as cigarette smoke.52 The risk of smoking also increased with the tar yield.53 

Other causes of lung cancer have been identified, such as air pollution," occupational 
cxposure to asbestos or radon (however, only a small proportion of the popUlation was 
exposed),"·57 vitamin A deficiency,"·62 indoor radon,63 possibly bird keeping,64.69 and 

previolls chronic lung diseases,70-73 but the effects of smoking are so predominant that 

trends in other exposures seem unlikcly to be largely responsible for the changes in 
incidence. 
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The trcnds in lung cancer incidence for both sexes followed the temporal and 
geographical variations in smoking behaviour after 15-25 years. The percentage 
smokers among men was much higher than among women but has dropped since the 
I 950s!l 960s, first among younger men.5o.74.76 While the prevalence of smoking has 
decreased since the 1950s, the percentage low-tar filter cigarette smokers among 
smokers has increased markedly.74.77

.
79 However, those who continued smoking were 

the hcavily addicted ones.'o In southwestern Europe the percentage smokers did not 
start to decrease until the 19808 and in many eastern European countries the 

prcvalence of smoking increased until the 1990s.76 The very low incidence of lung 
cancer in Iceland, Norway and Sweden can be explained by the strong anti-smoking 
campaigns in these countries:'·76 The low incidence in Utah is probably due to the 
high proportion (about 70%) of the population that belongs to the Mormon sect, who 
are forbidden to smoke. The relatively high incidence among women in New Zealand 
(Maori) can be explained by the high percentage of smokcrs. 
Since squamous cell carcinoma is closely correlated with smoking the decrease in 

incidence rates was probably due to a decrease in the percentage smokers since the 
1950s and to a change to low-tar filter cigarettes. This was not the same for men and 
women, nor for all age groups. The percentage female smokers was much lower than 

the percentage male smokers and started to decrease only at the end of the 1970s. This 
has resulted in an increase in incidence up to the 1990s. Among men both a period 
effect (decrease in the percentage smokers since the 1950s and a change to more low
tar filter cigarettes) and a birth cohort effect (mainly the elderly - referring to the 
earlier birth cohorts - continued smoking non-filter, high-tar cigarcttes) occurred. 
The increase in adenocarcinoma - traditionally with the lowest correlation with 
smoking - is more difficult to explain. The extent to which changes in diagnostic 
techniques or classification were responsible for the increase in adenocarcinoma is 
likely to be small:22

,31,81,82 solid carcinomas with mucus production, only being 

classified as 'adenocarcinoma' after 1981,7 cannot be responsible for the increase. 
Furthermore, the inter-observer reproducibility for adenocarcinoma was good,83~85 
There are several hypotheses about changes in smoking behaviour which could explain 
the increase in adenocarcinoma. First, since cigarette filters are less effective in 
eliminating smaller particles and filter use could also result in taking larger puffs and 
retaining smoke longer to compensate for the lower nicotine yield, the introduction of 
filter cigarettes since the mid-1950s may have led to an increase in the incidence of 

d . h' I "1 . I . I II 2237497886 5 , a enocarCllloma, w IC 1 occurs pnman y III t le penp lera ung zones, ' , " mce 

Thun and colleagues found that the increase in adenocarcinoma only occurred in 
smokers,22 the increased use of filter cigarettes seems to be a plausible explanation for 

the rise. Moreover, a multicentre hospital-based case-control study in the United States 
revealed that the risk of squamous cell carcinoma for smokers of filter cigarettes was 
lower than for smokers of non-filter cigarettes, but the risk of adenocarcinoma was not 
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reduced.78 A second, complementary hypothesis suggests that smoking low-tar filter 
cigarettes may increase the risk for adenocarcinoma because these cigarettes have a 
higher nitrate content. The increased yields of N-nitrosamines, especially NNK, 
induced adenocarcinoma of the lung in laboratory animals." The higher proportion of 
Americans with adenocarcinoma can also be explained by the higher proportion of 
smokers who smoke low-tar filter cigarettes in the United States (almost 100% in 
1992) compared to European countries (about 70%),<8.77 The higher proportion of 
women with adenocarcinoma can also be explained by past smoking behaviour. Prior 
to the 1950s, cigarettes were predominantly unfiltered, high-tar products smoked 
largely by men. In the 1950s, when women were just beginning to smoke, filter 
cigarettes were introduced and thus represented less of a change for women than for 
men. This has resulted in a higher baseline proportion of women with adenocarcinoma. 
Furthermore, adenocarcinoma also occurs relatively more often in non-smokers, 
especially among women.37,42,48,49,88 

Most of the temporal and geographical variations in lung cancer rates are thus 
probably related to different patterns of past smoking behaviour. 

COl/clusiol/s cOl/cemil/g trel/ds il/ il/cidel/ce 
Although the peak of lung cancer incidence among men in North America, Australia, 
New Zealand and northwestern Europe was reached in the 1980s, the rate for men in 
southern and eastern Europe and for women continued to increase, at least until the 
1990s. The trends in incidence were closely associated with past smoking behaviour. 
The decrease in incidence first occllll'ed in younger men, thus the proportion of elderly 
patients has been increasing. 
Despite a decrease since the 1950s, the percentage smokers reached a plateau of 30-
50% in the mid-1980s.'6 Furthermore, the average number of cigarettes smoked per 
day has increased, because the smokers who continued smoking were the heavily 
addicted ones. 
The trend toward smoking more low-tar filter cigarettes, probably caused the increase 
in the incidence of adenocarcinoma. This tumour type is already the major histological 
subtype in North America and may also become the major type in Australia, New 
Zealand and Europe in the near future. It is very likely that adenocarcinoma will give 
rise to a new epidemic, although it probably will not reach the same magnitUde as that 
of squamous cell carcinoma. 
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1.2,4 Time trends in prognosis 

Geographical variations 
Worldwide, the prognosis for patients with lung cancer is very poor, because 

metastases are often present at the time of diagnosis. Survival is associated with age 
and tumour stage: one-year relative survival rates decreased from 40% for patients 
younger than 45 years old to 20% for patients of 75 and 01der,'9,90 and was better for 

patients with localized disease (40-65%) than for those with metastasized disease (15-
30%)89,91-93 

In North America the 1- and 5-year survival rates in the 1980s were about 30% and 
12%, respectively:'-97 Between European countries large variations in lung cancer 

survival rates existed between 1978 and 1985: I-year rates varied between 21% and 
42%, and 5-year rates between 5% and 15%, being highest in Finland, France, the 

Netherlands and Switzerland, and lowest in Denmark, England, Poland and 
Scotland.89-91 ,98,99 

Between 1975 and 1990 the prognosis for lung cancer patients, regardless of 

h' I 'I'd I'll II I - 'f' I ,899094969799-Isla oglca type, Improve s Iglt Y a t lOug 1 not slgm lCant y over tUllC. . , , , , 
101 

Variations belweeu histological subtypes 
Besides being dependent on age and tumour stage, survival for lung cancer patients is 

closely related to the histology of the tllmour. Survival was best for patients with non-
II II ' d f' ' I II II ' 91 9394 98102-107 sma -ce carclIloma an poorest or patients Wit 1 sma -ce carclIloma. . , , , 

Despite recent advances in treatment the 5-year survival rate for patients with nOI1-

small-cell lung cancer is still less than 15% and that for small-cell carcinoma only 
5%.93.95,98,108,109 

Although non-small-cell lung cancer is often considered to be one clinically uniform 
category, several studies indicate that survival differs according to histological 

subtype, being better for squamous cell carcinoma and adenocarcinoma (I-year 
survival rates of 40-50%) than for large-cell undifferentiated carcinoma (I-year 
survival rates of 25_30%),91,93,95,98,102,10,,110 In Yorkshire, England, UK, the population

based survival for each histological subtype of non-small-cell lung cancer remained 
largely unchanged between 1976 and 1983; III however, the percentage patients with 

an unknown histology was very high. 112 In contrast, in the southeastern part of the 
Netherlands the population-based relative I -year survival rates for adenocarcinoma 
decreased markedly from 59% in 1975 to 45% in 1992, while that for squamous cell 
carcinoma remained about 50% and that for large-cell undifferentiated carcinoma 
remained about 30%.93 
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Small-cell lung cancer can be distinguished from other forms of lung cancer. Its 
features are: rapid progression, short doubling time, high growth fraction, and 

sensitivity to multiple chemotherapeutic agents and radiation therapy, Short-term 

survival seems to have improved since the introduction of chemotherapy in the 
1970s, ",","",1l3 In Mersey and Yorkshire, England, UK, the population-based 2-ycar 

survival rate improved from 2% in the 1970s to 8% in the 1980s and in the 
southeastern part of the Netherlands the population-based relative I-year survival rate 
improved from 15% in the 1970s to 35% in the 1980s, but there was no further 
improvement in the 1990s and 2-year survival did not exceed 8%.107.114 

Discussion of prognosis 
Despite the improvement in survival for small-cell lung cancer, the overall prognosis 

for lung cancer remained poor and 5-year survival rates still do not exceed 15%. Until 
I I I I t" t" 'I I' , d d' 9' 105 115 116 now, tle on y rea C lance a cure IS surgery or patIents Wit 1 Imlle lsease.' , , 

About 30% of the patients with non-small-cell carcinoma have undergone surgical 
treatment since the 1980s compared to only 5% of those with small-cell 
carcinomas,!04,1I7 Postoperative mortality, which is higher for the elderly, is related to 

the type of resection, the risk being highest (6%) after pneumonectomy, I I' 

The proportion of patients undergoing surgery decreased slightly between 1974 and 
1986; for smaller lesions a trend was apparent toward more lung-sparing resections; 

the usc of radiotherapy has increased since the 1980s."'1.119 Selection for surgery has 

probably improved as a result of the introduction of flexible bronchoscopy, isotope 
scanning and computerized tomography as well as mediastinoscopy, Improved 

diagnostic techniques have probably increased the detection of metastases (stage 
migration). With the exception of small-cell carcinoma there was almost no change in 

the proportion of patients receiving chemotherapy in the United States and the United 
Kingdom,94,119 

The prognosis for lung cancer varied markedly between countries, probably due to 
differences in (1) detection of disease, (2) inclusion of patients in studies (selected or 

unselected cases, patients dead around diagnosis), (3) methods of data collection and 
completeness (depending on access to medical care and the quality and availability of 
death certificates), and (4) methods of calculating survival (crude, disease-specific or 

relative survival). Furthermore, the availability of medical expertise and facilities is 
dependent on the number of chest physicians and internists per 100,000 inhabitants, It 
is also influenced by geographical and socio-economic factors, including distance 

from specialized centres and the extent of health insurance coverage. 
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NOJl-small-celllullg cancer 

Survival of non-small-cell carcinoma is closely associated with tumour stage and 

treatment. The treatment-of-first-ehoice for patients with stage I or II non-small-cell 

lung cancer is surgical resection,l'o Even for elderly lung cancer patients pulmonary 

resection is justified, however, a careful preoperative assessment ought to be 
performed and standard resections should be preferred. 121

,122 Some patients with stage 

IlIa disease will qualify for surgical resection, others should be offered combined 

radiotherapy and chemotherapy, For most patients with stage I1Ib disease, the 

preferred therapeutic modality is thoracic radiotherapy in combination with 
chemotherapy.120 For patients with stage IV lung cancer, no curative treatment or 
'standard therapy' is available,I'O,I'] Although radiotherapy was applied sparingly 

either alone or in combination with chemotherapy for non-small-cell lung cancer, its 

use has doubled in the last few decades,lol Adjuvant chemotherapy produces a 

significant but clinical1y small advantage for non-small-cell lung cancer patients and 
should still be considered experimental. I'O,I24 

Despite an excellcnt description of the tumour's size and the extent of anatomic spread, 
the TNM (tumour node metastasis) system does not include important prognostic 
factors that are manifest in the clinical condition of the patient.125-128 Since the 

proportion of elderly patients in most Western countries is growing, co-morbidity or 

the coexistence of various chronic illnesses in addition to the index disease is of 

growing importance for the clinical management (especially surgical management) of 

lung cancer patients. Co-morbidity increases the risk of peroperative and postoperative 
I, , 129-132 'II I f I d" 118121 122 I3J 114 C comp lcahons, especIa y t lose 0 (le car lOreSplratory system. ' , , ,- 0-

morbidity is also an independent prognostic factor.135-140 Indeed co-morbidity in 
elderly patients was found to be associated with lcss surgery and poor survival. 101,141 

In the southeastern part of the Netherlands a marked decrease in survival for patients 
with adenocarcinoma was found. despite increased application of better diagnostic 

techniques by more chest physicians.93 This needs to be confirmed in other countries. 
The question is whether adenocarcinoma has become a more aggressive tumour. 

Specific patterns of mutational activation of oncogenes. such as K-ras and erb-B, or 
disruption of tumour suppressor gene function, such as p53, may play a role in 
adenocarcinoma with poor survival. 142-144 The continuing expression of cytokeratin 18 

in lung tumours and microalbuminuria in lung cancer patients have been recognized as 

indicators of an aggressive tumour phenotype, regardless of stage and histological type 
of the tUlllOUr.14S-147 Typing of oncogenes or tumour suppressor genes may provide a 

more accurate diagnosis and therefore facilitate the planning of suitable therapcutic 

approaches, e,g, adjuvant chemotherapy shortly after undergoing surgery for patients 

with cytokeratin 18 positive stage I non-small-cell lung cancer. 
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Small-celllllllg callcer 

Prior to 1970, irradiation and sometimes surgery were the major modes of treatment of 
small-cell lung cancer. The overallS-year survival rate with surgery was <1-3%, even 

for patients with clinically resectable disease. Neither preoperative nor postoperative 
radiotherapy improved the poor results of surgery.14' Nowadays, small-cell lung 

cancer patients with limited disease generally receive combination chemotherapy and 
radiotherapy, and approximately 50% experience complete clinical remission. Patients 
with extensive disease also exhibit an initial response to chemotherapy, but only 20-

40% go into complete remission and few survive for 2, let alone 5, years. Although the 
introduction of intensive combination chemotherapy in the 1970s has resulted in an 
. . . I 111 119 d I f d' . l' 2 f Increase ll1 survlva,' eat 1 rom recurrent Isease occurs Wit un years 0 

diagnosis in 80-98% of the cases.114.149-152 Furthermore, results of chemotherapy have 

reached a plateau and further improvement seems impossible with the currently 
available toolS. 107-109,153 The response rates and survival rates after combination 

chemotherapy with irradiation were moderately higher than after combination 
chemotherapy alone. 1 13,154-151 

For elderly patients, whose proportion has been increasing, the survival rate was 
lower. 114.153·160 This could also be related to the presence of co-morbidity, which may 

I· d d h . 130-132 161·163 comp Icate treatment an ecrease t e prognosIs. . 

C01lclusions concerning trends ill prognosis 
Despite earlier detection through the increased use of flexible bronchoscopy and fine 
needle aspiration cytology, lymphatic and hematogenous metastases are often present 
at the time that lung cancer is diagnosed, and prognosis is still very poor. Survival of 

lung cancer differs markedly, according to histological subtype. The prognosis for 
non-small-cell lung cancer has remained approximately constant, while the prognosis 
for adenocarcinoma - one of the subtypes of non-small-cell lung tumours - may even 
be decreasing over time. In contrast, progress has been made in the short-term survival 
of small-cell lung cancer - due to the introduction of chemotherapy since the 1970s -

but it has stabilized since the mid-1980s and 2-year survival remains very poor. The 
growing proportion of elderly patients who often present with serious co-morbidity at 
diagnosis complicates treatment and indicates the need for adapted guidelines for these 

patients, who usually are not entered in clinical trials. 

1.2.5 Summary and conclusions 

Since the World War II the incidence of lung cancer has been increasing dramatically 
in most Western countries; it is now the most frequent or second most frequent tumour 
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in men and the second or third in women. The peak of the epidemic among men was 
reached in the 1970s or 1980s in North America, Australia, New Zealand and north
western Europe, first in the younger age groups. The peak among men in southern and 
eastern Europe and for women has not yet been reached. The trends were not the same 
for every histological subtype of lung cancer. The incidence of squamous cell 
carcinoma and small-cell carcinoma, which are supposed to be more closely related to 
smoking than adenocarcinoma, started to decrease earlier. 
These trends followed changes in past smoking behaviour. Among men the proportion 
of smokers has increased markedly since the beghllling of this century but has 
decreased since the 1950s or 1960s, except in southern and eastern Europe. Younger 
men were more inclined to quit smoking or to switch to low-tar filter cigarettes than 
the elderly. Women only started smoking in the 1950s and the percentage female 
smokers did not decrease before thc 1970s. Furthermore, the proportion of smokers of 
low-tar filter cigarettes has been much higher among women than among men. 
The incidence of and proportion with adenocarcinoma have been increasing, possibly 
because of a shift from high-tar non-filter cigarettes toward low-tar filter cigarettes 
during the 1960s and 1970s, especially since the increase in adenocarcinoma was 
found to occur only in smokers. Filter use could result in taking larger puffs and 
retaining the smoke longer to compensate for the lower nicotine yield and thus may 
cause adenocarcinoma, which often develops in the peripheral lung zones. 

Furthermore, cigarettes with a low-tar yield contain higher levels of organ-specific 
carcinogenic tobacco-specific Ilitrosamines, which can cause adenocarcinoma. 

Despite improvement in both the diagnosis as a result of flexible bronchoscopy and 
improved treatment, the overall prognosis for patients with non-smaIl-cell lung cancer 
did not improve significantly over time. In the southeastern part of the Netherlands a 
decrease was even found in the survival rates for patients with adenocarcinoma. In 

contrast, the introduction and improvement of chemotherapy since the 1970s gave rise 
to an improvement in - only short-term «2 years) - survival for patients with small
celliung cancer. The increasing proportion of elderly lung cancer patients who present 
with co-morbidity at the time of diagnosis complicates treatment and probably has a 
negative effect all survival. 

Prognosis can be improved by early detection - although screening was not associated 
with a decrease in mortality in the United StateslM 

- and by improvement of the 
quality of care. Recognition of specific patterns of mutational activation of oncogenes 

or disruption of tumour suppressor gene function, such as K-ras or cytokeratin 18, may 
facilitate tailor-made treatment and improve the prognosis for certain subgroups. New 

(combinations of) chemotherapeutic agents may also improve long-term survival for 
patients with small-cell lung cancer. Studies on therapy should focus on improvement 
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of the treatment of adenocarcinoma, because more lung cancer patients will present 
with this histological subtype. 

In this review we have shown that the trends in the incidence of lung cancer were 
closely associated with past smoking behaviour. Furthermore, except for the 
improvement in short-term survival of small-cell lung cancer and the possible decrease 
in survival of adenocarcinoma, the prognosis has not changed significantly over the 

last two decades. Since mortality is intluenced by both incidence and survivat we 
expect - on the basis of trends in smoking behaviour and survival - the following 

trends in mortality to develop in the near future. 
First, we expect that the decrease in mortality among men in North America, Australia, 
New Zealand and northwestern Europe will reach a plateau at the beginning of the 
next century because of the steady percentage smokers since the 1980s and a more or 
less steady survival. Among women in these regions we expect the mortality to start 
decreasing soon and also to stabilize at the beginning of the next century; the same 
trend is expected for men and women in southern Europe. In eastern Europe the 
percentage smokers increased until the 1990s, thus a decrease in mortality is not 
expected before the year 2010. In other parts of the world, where smoking is still 
increasing, mortality due to lung cancer will increase dramatically in the next decades. 
Smoking can only be countered by decreasing the availability of cigarettes, e.g. by 

increasing the price, or developing better strategies for handling nicotine addiction, 
e.g. by offering less harmfllinicotine delivery systems. 
Second, the mortality of adenocarcinoma will probably increase worldwide, because of 
the increased incidence and the possibly decreased survival due to the increased use of 
low-tar filter cigarettes. In contrast, mortality due to squamous cell carcinoma and 
small-cell carcinoma will probably decrease because of a decrease in incidence and 
steady or slightly increasing survival rates. 

Finally, the mortality of lung cancer may increase, due to the higher proportion of 
elderly patients who present with co-morbidity at the time of diagnosis. 
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Methods 

2.1 Cancel' registry, medical care system and region 

The Eindhoven Cancer Registry (ECR) was started in 
1955 as part of a programme for nationwide cancer 
registration in the area of southeastern North Brabant. 
Data on all new cancer patients were collected directly 
from pathology reports and patient records. The 
registry was started in three hospitals in Eindhoven 
and gradually expanded to include the southeastern 
part of the Dutch province of North-Brabant, the 
northern part of the province of Limburg (since 1970) 
and the southwestern part of North-Brabant (since 
1986) (figure I). Completeness could be assessed on 

Figure 1 
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the basis of referral patterns and registration procedures. Despite the absence of death
certificate-only cases and the increase in the proportion of cases with only a 
cytological diagnosis, analyses of incidence and comparison with cancer mortality 
suggested reasonable completeness, except for the very elderly (figure 2). Incidence 
rates could thus be determined for a core area, comprising 85% of the population 
covered by the registry. 

Figure 2 
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The basis for diagnosis of most tumours was histological or cytological verification 
which was obtained for at least 85% of all lung cancer patients. The proportion of 
patients diagnosed by means of cytology increased over time to 20% of those younger 
than 70 years and almost 30% of those 70 and older. The percentage based on clinical 
diagnosis was higher for the elderly (10%) than for younger patients (4%). Diagnoses 
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established at autopsy decreased during the study period to less than 2% of all 
diagnoses (table I). Access to medical care was easy as a result of the relatively short 
distances to a hospital «30 km), ample supply of health services and a sickness 
insurance system without major financial obstacles. Between 1960 and 1985 the 
number of chest physicians increased li'om about 5 to almost 20 per one million 
inhabitants. 

Table 1 Basis for diagnosis of lllng callcer ill Ihe Eindhoven Callcer Regisll)" 

according 10 period of diagllosis and age. 
1972·77 (%) 1978·82 (%) 1983·87 (%) 1988-92 (%) 

age <70 years histology 85 90 78 76 

age ;:::'70 years 

cytology 3 3 17 19 
clinical 3 4 3 4 
autopsy 3 3 2 I 
unknown 7 0 0 0 

histology 78 
cytology 5 
clinical 7 
autopsy 4 
unknown 6 

81 
5 
8 
5 
0 

61 
27 
9 
3 
0 

59 
28 
JO 
3 
o 

Between 1965 and 1975 the (high) fertility rate dropped from 3 to 1.5, illustrating 

secularization of the largely Roman-Catholic population. As a consequence, there is a 
pronounced ageing of the population, which is furlher enhanced by an annual increase 
in the number of people over 55 years of age of about 2%. The tobacco processing 
industry, traditionally important in the Eindhoven area, has been in decline since the 
1960s. The prevalence of smoking among male adults decreased from more than 90% 
in the 1950s and 1960s to about 40% in the 19905. In contrast, the percenlage women 
who smoked was very low in Ihe 19505 but increased to about 40% between the end of 
Ihe 19605 and the end of the 1970s, later it declined. 

2.2 Histological classification: codes and changes 

Lung tumours were classified as small-cell carcinoma, non-small-cell carcinoma and 

some rare subtypes, according to the WHO classification.' Non-small-cell carcinomas 
consisted of squamous cell carcinoma, adenocarcinoma, large-cell undifferentiated 

carcinoma and some rare subtypes, slIch as adenosquamous cell carcinoma, adenoid 
cystic carcinoma and mucoepidermoid carcinoma. Uncommon tumours were 
mesotheliomas, carcinoid tumours, carcinosarcomas and sarcomas. Malignant 

mesotheliomas were located in the pleura, peritoneum and tunica vaginalis testis. 
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About sixty percent of histological specimens of (suspected) mesotheliomas have been 
reviewed by two or three experts of the Netherlands Mesothelioma Panel since 1969. 
The histological classification of tumours of the respiratory tract is shown in table 2. 
During the period 1970-96 data on 13,501 lung cancer patients (9605 non-small-cell 
lung tumours, 2395 small-cell lung tumours, 99 unconml0n lung tumours, 57 other 
lung tumours such as small-cell carcinomas with other components, 510 malignancies 
of unknown morphology and 835 tumours diagnosed clinically), and 176 patients with 
pleural mesothelioma were registered. 

Table 2 Histological classificatioll of tllillollrs of the respiratory tract. 

non-small-cell 
squamous cell carcinoma 
adenocarcinoma 
large-celt undifferentiated carcinoma 
rare sUbtypes: 

adenosquamous cell carcinoma 
adenoid cystic carcinoma 
mucoepidermoid carcinoma 

small-cell 

uncommon lung tumours 
carcinoid tumour 
carcinosarcoma 
sarcoma 

malignant mesotheJioma 

ICD·codes 

8070·8080 
8140,8230,8250,8260,8480,8481,8550 
8012,8020,8021,8030,8031,8310 

8560 
8200 
8430 

8040·8043 

8240 
8980 
8800·8900 

9050·9053 

2.3 Staging: classification of partially nnknown data 

In the 1950s and 1960s the Extent of Disease (EoD) system was used, since the 1970s 
the Tumour Node Metastasis (TNM) system is preferred.2 Stage assessment has 
improved due to a combination of modern visual diagnostics, extensive lymph node 
sampling by surgeons, more extensive searches by pathologists, better documentation 
by clinicians and better ascertainment by the registrars. When postoperative TNM was 
not available, the corresponding clinical TNM data were considered. One problem was 
the high percentage of patients with tumours of unknown stage due to the strict rules 
for staging. Most physicians in the Eindhoven area were no full-time oncologists and 
were therefore reluctant to document 'negative' results of staging, especially for 
elderly patients; fortunately this problem has decreased over time. When analysing the 
data according to stage, algorithms were developed to make maximum use of data of 
patients who had not been fully staged according to the strict guidelines. For example, 
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according to the strict rulcs for staging, the percentage patients with a non-small-cell 
lung tumour of unknown stage decreased from 58% in 1975-79 to 39% in 1980-84 and 
32% in 1985-94, whereas the percentage patients with localizcd disease increased from 
the very low level of 5% in 1975-79 to 19% in 1980-84 and 25% in 1985-94. In order 
to lower the proportion of tumours of unknown stage patients with Mx were 
considered as MO, Nx as NO or NI and Tx as Tl or T2, but only if the other two 
variables (T, Nor M) were known. Furthermore, the total group of non-small-cell lung 
cancer patients was divided into two categories (localized and non-localized) in order 
to include as much information about stage as possible (table 3). The group 'localized' 
consisted of stages I and II, the group 'non-localized' of stages III (A & B) and IV. 

Table 3 Simplified stage classification. 
Localized 
TlI2NOIl MO 
TlI2NO/i Mx 
Til2 Nx MO 
Tx NOll MO 

Non-localized 
all T N2/3 all M 
T3/4 all N all M 
allT alIN Mi 

The percentage patients with a tumour of unknown stage who underwent resection was 
rather high in the 1970s, but subsequently decreased. This can be explained by the fact 
that in 1984 the registry team had to record the TNM-code for patients diagnosed 
between 1975 and 1983 retrospectively from the data that they had already recorded at 
the time of diagnosis of the tumour, without going back to the medical records in the 
hospitals. A review of clinical records of patients diagnosed between 1975 and 1983 
showed that most patients with a tumour of unknown stage, who underwent surgical 
resection, could be reclassified as having 'localized' disease. Furthermore, the 
prognosis for this group was almost similar to that for the group of patients with 
localized lung cancer. Thus, in the next step, patients with a tumour of unknown stage 
who underwent surgical resection were classified as 'localized'. Since the percentage 
tumours of unknown stage in 1975-79 was very high before the conversion (58%), 
only data on patients diagnosed since 1980 were used in the analysis of treatment and 
prognosis. After the conversion the percentage patients with disease of an unknown 
stage since 1980 was about 5% for patients younger than 70 and 15% for the elderly 
(table 4). 

The stage of small-cell lung tumours is separated into two categories, according to a 
system of classification of the Veterans Administration Lung Cancer Study Group 
(VALG):3 limited disease (confined to one hemithorax including hilar, ipsilateral and 
contralateral mediastinal and ipsilateral and contralateral supraclavicular lymph nodes) 
and extensive disease (any disease at sites beyond the definition of limited disease). 
Data on tumour stage collected since 1990 could be used for analysis of treatment and 
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prognosis of small-cell carcinoma. Since the proportion of surgical resections among 
these patients was very low, only the clinical stage was used. 

Table 4 Stage distribution of non-sill all-cell lung callcer after conversion. 
1975-79 1980-84 1985-89 1990-92 

age <70 years 
localized (%) 31 34 37 33 
non-localized (%) 58 60 58 63 
unknown (%) 11 6 5 4 

age :C70 years 
localized (%) 18 28 37 40 
non-localized (%) 58 55 48 48 
unknown (%) 24 18 15 12 

2.4 Co-morbidity: list of conditions and validity of recording 

With the rising mean age, care for cancer patients with serious concomitant diseases is 
becoming increasingly complex because of interactive effects of the various therapies 
and complications. The prognosis for patients with co-morbidity is likely to be worse, 
independent of age, disease stage, and type of treatment. The Eindhoven Cancer 
Registry, in close consultation with clinicians, has been collecting data on clinically 
relevant concomitant diseases in all new cancer patients since 1993. An adapted 
version of the list of Charlson and colleagues (1987) is used (table 5).4 The cancer 
registry collects data from records of the Department of Pulmonary Diseases but also 
from the medical records of other specialists, especially the Departments of 
Radiotherapy and Surgery. 

To validate data on co-morbidity recorded by registry personnel, 127 consecutive 
patients with lnng cancer diagnosed in 1995 in three hospitals in the registration area 
were studied. A comparison was made between data recorded by chest physicians and 
those recorded by the registry team. An epidemiologist studied the clinical records of 
patients when disagreement occurred between the chest physician and the registry 
team. In total 103 of 132 diseases were correctly registered by the registry personnel 
and 32 patients were correctly registered as having no co-morbidity (table 6). Thus 
82% of all co-morbidity was scored correctly by the cancer registry (correct 
registration/total = (103+32)/(132+32) = 82%). There was an underestimation of the 
total number of diseases by the registry of 8% (111132). The number of cardiovascular 
diseases Was underestimated by 27%, while the occurrence of COPD was 
overestimated by 6%. 
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Classificatioll of co-morbidity, accordillg to all adapted versioll of the 
list of Charlsoll et al. (1987). 
Chronic Obstructive Pulmonary Disease (COPD) (medically treated) 
Cardiovascular diseases: 

myocardial infarction, cardiac decompensation, angina pectoris, peripheral 
arterial disease, intermittent claudication. abdominal aneurysm 

Cerebrovascular diseases (cerebrovascular accident, hemiplegia) 
Other malignancies (except basal cell skin carcinoma) 
Hypertension (medically treated) 
Diabetes Mellitus (medically treated) 
Other: 

connective tissue diseases (Besnier Boeck disease (sarcoidosis), Wegener's 
granulomatosis, systemic lupus erythematodes) 
rheumatoid arthritis (only severe) 
kidney diseases (chronic glomerulonephritis, chronic pyelonephritis) 
bowel diseases (Crohn's disease, ulcerative colitis) 
liver diseases (cirrhosis, hepatitis) 
dementia 
tuberculosis 

The main causes for disagreement were: (1) unfamiliarity with names of diseases or 
treatment that were not included in the list used by the cancer registry for recording 
co-morbidity (mainly cardiovascular diseases), (2) vague description of the disease in 
the medical records (mainly COPD), and (3) data not reported in the clinical records of 
the Department of Pulmonary Diseases. The discrepancies can in part be explained by 
the fact that the registry team used not only the clinical records of the Department of 
Pulmonary Diseases but also those of Radiotherapy and Surgery. 

Table 6 Percentages underestimation and overestimation by the cancer registry. 
Corrcct* Overestimation Underestimation Total 

co-morbidity N (%) N (%) N (%) N(=100%) 

COPD 23 (74) 5 (16) 3 (to) 31 
cardiovascular 28 (64) 2 (5) 14 (32) 44 
hypertension t8 (95) I (5) 0 (0) 19 
other malignancy 16 (100) 0 (0) 0 (0) 16 
metabolic disorder 8 (89) I (II) 0 (0) 9 
other diseases 10 (77) 0 (0) 3 (23) 13 
total 103 9 20 132 
* correct registration by the cancer registry (opinion of the epidemiologist was the 

golden standard) 

Improvement in the registration of cru·diovascular diseases was achieved by adding 
names of discases to the list of co-morbid conditions used since 1996. However, 
improvement in the registration of COPD remains difficult, because the description in 
the medical records is sometimes vague. 
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2.5 Data analysis 

Incidence 
For the analyses of incidence only data from the eastern part of the region wcre used. 
The population-at-risk for each year was derived from data provided by Statistics 
Netherlands. For each 5-year period age-specific (15 years) incidence rates were 
calculated per 100,000 person-years. Incidence rates for uncommon tumours were 
given per one million person-years and for longer periods (10 years). For time-trend 
analysis of incidence 3-year moving means were computed from annual rates. Since 
age is an important risk factor for lung cancer and the age structure of populations 
differs over time and between countries, adjustment for age was performed with the 
'World Standard Population' or the 'European Standard Population' as reference.' 
Since trends in incidence may reflect changes in exposure of birth cohorts rather than 
period-related exposure, trends according to birth cohort were also calculated. 

Survival 
There was a combination of passive and active follow-up of the patients, with the 
latest check on vital status on I April 1994, using municipal population records. Only 
0.3% of patients was lost to follow-up, mainly due to repeated migration. For survival 
analyses data on patients diagnosed since 1975 in the eastern part of the registration 
area were used. To enhance comparability with clinical studies, patients diagnosed 
around the day of death and those who died within the first month of diagnosis were 
excluded from survival analyses (14% of patients younger than 70 years and 8% of the 
elderly). 
Usually the main interest is disease-specific survival. Since some patients die of causes 
other than the underlying cancer, particularly in older age groups, the observed 
survival (irrespective of the cause of death) does not reflect the disease-specific 
survival. Since causes of death are not listed in the cancer registry, it is not possible to 
calculate disease-specific survival. In order to estimate the latter, the relative survival 
rate was calculated as the ratio of the observed to the expected actuarial rates. 
Expected survival rates were calculated from life tables for regional male and female 
populations with the same 5-year age distribution (supplied by Statistics Netherlands). 
The risk of death due to lung cancer was modelled using a program of the Finnish 
Cancer Registry.6 The standard error of the survival rates was calculated according to 
Greenwood's formula.' For multivariate relative survival analysis a program based on 
Cox regression analysis was used (Relsurv).8 .• 
For patients younger than 70 years of age diagnosed between 1975 and 1989 and alive 
one, three, five or eight years after diagnosis, the conditional relative 5-year survival 
rates were also computed. The aim was to assist physicians and patients in assessing 
prognosis for patients who are still alive at or after these intervals. 
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2.6 European data: EUROCIM and EUROCARE 

For comparison of incidence data within Europe the EUROCIM (EUROpean Cancer 
Incidence and Mortality) database was used (1978-92). EUROCIM consists of cancer 
incidence and mortality data from many European cancer registries. 
For comparison of survival figures within Europe the EUROCARE (European cancer 
registry-based study of survival and care of cancer patients) database was used (1978-
92).10 EUROCARE is a concerted action of initially 30, now 50, European cancer 
registries to estimate and compare the survival of cancer patients in different European 
populations. Included are cancer registries with a substantial proportion (>75%) of 
diagnoses, verified histologically. 
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3.1 Striking changes in smoking behaviour and lung cancer 
incidence by histological type in south-east Netherlands, 1960-
1991' 

Abstract 

Changes in lung cancer incidence in the southeastern part of the Netherlands between 
1960 and 1991 were analysed, using data from the Eindhoven Cancer Registry, and 
related to previous changes in smoking habits. Male lung cancer incidence rates 
increased markedly from birth cohorts 1890-1899 to 1910-1919, followed by a 
decline. The peak incidences for both squamous cell carcinoma and small-cell 
carcinoma were reached in 1978, while for adenocarcinoma it was 1985. A rising trend 
in female lung cancer incidence up to 1988 was found for each successive birth cohort 
and for every histological type. These changes in lung cancer incidence rates are most 
likely related to the pattern of past smoking habits: the percentage of male adult 
smokers in the southern part of the Netherlands decreased from 95% in 1960 to 40% in 
1981 and the percentage of female adult smokers increased from 27% in 1960 to 40% 
in 1967, slightly decreasing only after 1979. In view of the trends in smoking 
behaviour, the incidence rates for male lung cancer will decline further, whereas 
female lung cancer incidence may decrease after the year 2000 . 

• Reprinted from Eur J Cancer, 31A. Janssen-Heijnen MLG, Nab HW, van Reek J, van der Hcijdcn LH, 
Schippcr RM, Cocbcrgh J\VW. Striking changes in smoking behaviour and lung cancer incidence by histological 
type in south-east Netherlands, 1960-1991, pp. 949-52, Copyright (1995), with pcrmission from Elsevier 
Science. 
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Introduction 

In the southeastern part of the Netherlands male lung cancer incidence and mortality 
were among the highest in Europe from 1969 up to 1990, whereas female lung cancer 
incidence and mortality were among the lowest until 1980.'·4 Previous reports have 

suggested that the mortality rate for lung cancer among Dutch men has changed 
markedly: a decline is now apparent after a marked increase since the World War II. In 
contrast, female lung cancer mortality has increased steadily.5.6 In this survey, 

temporal trends in the incidence of lung cancer in the southeastern part of the 

Netherlands during the period 1960-1991 were investigated, using data from the 
Eindhoven Cancer Registry. To assess completeness, regional mortality data were also 

considered. We analysed the changing trends according to period of diagnosis and 10-
year birth cohort. Since smoking is by far the most prominent risk factor for lung 
cancer,7 and relative risks of smoking are higher for squamous cell carcinoma and 
small-cell carcinoma than for adenocarcinoma,8-10 the trend in incidence was also 

analysed according to histological type. Regional patterns in smoking habits, obtained 
from national surveys held since 1958, were considered. 

Patients and methods 

Data were obtained from the Eindhoven Cancer Registry, which contains data on 
patients with cancer newly diagnosed since 1955 in community hospitals (data 
collected from clinical records after notification by pathologists, radiotherapists, and 
medical record administrations). This registry covers a large part of the southeastern 

area of the Dutch province of North Brabant since 1960, and this complcte area 
together with the northern part of the adjacent province of Limburg since 1970. The 

ICD code for lung cancer was 162. We distinguished between squamous cell 
carcinoma, adenocarcinoma, small-cell carcinoma and 'other plus not otherwise 

specified (NOS)', according to the WHO classification." Because of the poor 
reproducibility for large-cell and undifferentiated carcinoma we classified these 
tumours into the group of 'other and not otherwise specified' ,12 Analyses according to 
histological type were only applied to patients diagnosed since 1971, because then the 
percentage 'not otherwise specified' became small enough (10%). The composition of 

the population was determined annually from data of the Department of Population 
Statistics of the Central Bureau of Statistics (CBS). Because the registry does not 

receive data frOlll death certificates, the incidence data were compared with mortality 

data to assess completeness. Regional mortality data were derived from the CBS. 
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Incidence rates were computed per 100,000 person-years for each sex and displayed as 
3-year moving means. Age-adjustment was performed by direct standardization 
according to the World Standard Population (WSR: World Standardized Rate).3 Age
specific incidence rates were calculated per IO-year birth cohort since 1890. Smoking 
habits of the Dutch population were derived from periodic surveys, conducted in every 
region of the Netherlands from 1958 to 1981. 13 

Figure 1 Age-stalldardized illcidellce alld mortality rates for IUllg callcer, 1960-

1991, and percentage of male smokers ill sOllthern Netherlands between 
1960 alld 1981. 
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Figure 2 
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Age-''1Jecijic incidence rates/or lung cancer ill the southeastern part of 
the Netherlallds, according to lO-year birth cohort. 
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Results 

Between 1960 and 1991, 10,223 lung cancer patients (9412 men and 811 women) 
were registered in the sontheastern part of the Netherlands. The age-adjusted male 
lung cancer incidence rate increased from 30 per 100,000 person-years in 1960 to 95 
in 1983 and then decreased to 78 in 1991. The percentage male adult smokers in the 
southern Netherlands decreased remarkably, from the very high 95% in 1960 to 50% 
in 1981 (figure la). Between 1960 and 1981, the number of cigarettes smoked per day 
among males rose from 18 to 23. Age-adjusted incidence rates for females increased 
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from 1 per 100,000 person-years in 1960 to 11 in 1988 and thcn stabiliscd (figurc Ib). 
In contrast to men, the percentage of female adult smokers in the southern Netherlands 

increased strongly from 27% in 1960 to 40% in 1967. Aftcr 1979, it dccrcased to 36% 
in 1981 (figure Ib). Between 1960 and 1981, the number of cigarelles smoked per day 
among females rose from 8 to 19. 
The trends of lung cancer mortality rates were similar to the incidence rates, but until 

1977 lung cancer mortality was higher than incidence. Lung cancer incidence and 
mortality rates for males were markedly higher than for females. However, the 
male/female ratio declined from 20 between 1960 and 1976 to 8 in 1991 (figure la and 
b). The incidence rate increased for men born between 1890 and 1919 and then 
decreased (figure 2a), while for females it has increased continuously for every 

successive birth cohort between 1900 and 1939 (figure 2b). 
Among men the age-standardized incidence rate for squamous cell carcinoma, being 
the most common histologic type of lung cancer, and small-cell carcinoma increased 

until 1978, whereas that for adenocarcinoma increased until 1985 (figure 3a). The 
proportion of adenocarcinoma varied between 4 and 7% until 1980, thereafter rising 
steadily to 15%. Among women, the incidence of all histological types increased 
between 1971 and 1988 (figure 3b). 

Discussion 

Dramatic changes have occurred in the male lung cancer incidence rates in the 

southeastern part of the Netherlands, increasing markedly until 1983, for birth cohorts 
from 1890-1899 to 1910-1919 and then declining. For squamous cell carcinoma and 
small-cell carcinoma, the peak incidence rates were reached in 1978 and for 
adenocarcinoma in 1985. Female lung cancer incidence rates, initially at a very low 
level, increased continuously to a plateau in 1988. This rising trend was found for 
every successive birth cohort and for every histological type. 

From trends in lung cancer mortality, it also appears that a small part of the increase 
(especially among the elderly) can be explained by beller detection and verification of 
the diagnosis through flexible bronchoscopy and cytology.14 The percentage of 
cytological verification increased ti'om 0% in 1960 to 11% in 1977 and to 22% in 
1991. The presumably more rapid decrease in mortality due to cardiovascular diseases 
since 1970 may also playa role. 15

,16 

The trcnds in lung cancer incidence are most likely related to the changing habits in 
cigarette smoking, the greatest single cause of lung cancer.7 The decline of male 

smokers since 1958 was followed by a reduction in male lung canccr incidence after 
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Figure 3 Age-stalldardized incidence rates ill the southeastern part of the 
Netherlal/ds, accordil/g to histological type. 
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20-25 years. In the earlier male birth cohorls, Ihe average duration of exposure to 
cigaretles was longer Ihan in later birlh cohorts. Whereas the number of cigarettes 
smoked per day by those who continued to smoke rose from 18 to 23 for males and 
from 8 to 19 for females, more low tar and/or filter cigarettes were smoked. 13

•
17 

Whereas previous studies, covering the Netherlands as a whole, have shown similar 

d . I I' d It" 4 5 18 tren S 111 ung cancer marta Hy, our stu y seems to S lOW a more ex reme sItuatIOn. ' , 
Firstly, the male lung cancer incidence in the southeastern part of the Netherlands was 
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one of the highest in Europe and between 1969 and 1990 regional mortality was also 
higher than in other parts of the Netheriands. I,2.4,I' Between 1958 and 1981, the 

percentage of male smokers was 5% higher in the southern part of the Netherlands 
than in the rest of the country, which was possibly related to high social acceptance 
due to the presence of many tobacco processing industries. Secondly, female lung 
cancer incidence and mortality in the southeastern part of the Netherlands were among 
the lowest in the Netherlands and in Europe up to 1980,1,2.4.19 due to the very low 
initial percentage of female smokers in this part of the Netherlands, which may be 
explained by the traditional life-style of largely Catholic women. 
Another argument for the role of smoking habits is the fact that the peak incidences for 
males of squamous cell carcinoma and small-cell carcinoma, both of which are related 
to smoking more than adenocarcinoma,'-IO were reached in 1978, while that of 
adenocarcinoma was not reached until 1985. The changing histopathology of lung 
cancer, which was also seen in other surveys,20,21 is not likely to be related to the use 
of the new WHO-classification since 1981,22 because solid carcinomas with mucus 
formation were classified in the group of adenocarcinoma during the whole period. It 
is uncertain whether the increased incidence of adenocarcinoma for males points to a 
more delayed effect of tobacco on adenocarcinoma and/or (combined) exposure to 
other risk factors relevant to this area, such as occupational exposure (heavy 
metals).8,19 

In view of the trends in known risk factors and latency time, the incidence rates for 
male lung cancer will probably decline further in the near future. A decrease in female 
lung cancer incidence is not expected before the beginning of the next century. 
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3,2 Very high male lung cancel' incidence in al'eas with tobacco 
industries' 

In the 1970s in the southeastern part of the Netherlands, the male lung cancer 
incidence rate was among the highest in Europe, whereas that for females was among 
the lowest.' However, the rates for men have been decreasing since 1983; those for 
women are still increasing. In a previous report (Eur J Cancer 1995; 31A: 949-52), it 
was shown that the changes in lung cancer incidence reflect changes in smoking 
behaviour, considered to be the major risk factor,2 which occurred 20-25 years ago.3 

The traditional presence of tobacco-processing industries in the southeastern part of 
the Netherlands, concentrated mainly in a few IUral communities (Valkenswaard, 
Bladel, Eersel and Tegelen), very likely influenced smoking behaviour. Between 1900 
and 1935 approximately 20% of the inhabitants of Valkenswaard (just south of 
Eindhoven) were employed in the tobacco-processing industries and had an ample 
supply of tobacco. Since the southeastern part of the Netherlands was mainly Catholic, 
smoking was acceptable for men, but not for women (until the 1960s), especially in 
rural areas. In 1991, the proportion of male smokers in Valkenswaard was still 50% 
higher than in other rural municipalities. According to Dutch national surveys 
performed since 1958,4 the percentage of male smokers in urban and rural areas in the 
southeastern part of the Netherlands was approximately the same between 1958 and 
1981; however, the percentage of female smokers was much higher in urban than in 
rural areas (figure 1). 

Using data from the Eindhoven Cancer Registry, we calculated incidence rates for 
lung cancer in municipalities with tobacco-processing industries and, because of the 
different smoking behaviour, in urban and rural municipalities.5 

• Reprinted from Eur J Cancer. 32A. Janssen-Hcijnen MLG. Coebergh JWW, van Reck 1. Very high male lung 
cancer incidence in areas with tobacco industries, p 2373. Copyright (1996), with permission from Elsevier 
Science. 
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Figure 1 Trends in geographical distribution of smoking behaviour, according to 
sex. 
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In municipalities with tobacco·processing industries, lung cancer incidence for men 
was clearly higher than in other municipalities (figure 2a). In contrast, lung cancer 
incidence among women was much higher in urban than in 111ral areas, and the 
presence of tobacco industries did not make any notable difference (figure 2b). 
We are not aware of any other explanation for these divergent male and female rates 
than their past smoking behaviour. This study shows that the presence of tobacco
processing industries in the southeastern part of the Netherlands very likely has 
increased the percentage of male smokers and the amount smoked per day among 
employees and their acquaintances, which subsequently has given rise to a very high 
lung cancer incidence rate after a lag time of 20-25 years. In short, the tobacco 
industry may be good for jobs, but bad for health in its environment. 
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Figure 2 Trends in geographical distribution of lung cancel' incidence (World 
Standardized Rate), 
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Chapter 4. Trends in survival 

4.1 Trends in survival of non-small-cell lung cancer. 

4.1.1 Divergent changes in survival for histological types of non
small-cell lung cancer in the southeastern area of the 
Netherlands since 1975. 

4.1.2 Common factor for the rising incidence and decreasing survival 
of adenocarcinoma of the lung? 

4.2 Improvement and plateau in survival of small-cell lung cancer since 
1975: a population-based study. 

4.3 Prevalence of co-morbidity in lung cancer patients and its 
relationship with treatment: a population-based study. 





Trends ill sllll,ival 53 

4.1 Trends in survival of non-small-cell lung cancer. 

4.1.1 Divergent changes in survival for histological types of non-smaIl
cell lung cancer in the southeastern area of the Netherlands since 
1975' 

Abstract 

We studied the changes in incidence and survival rates for the histological subtypes of 
non-small-cell lung cancer, using data of the Eindhoven Cancer Registry over the 
period 1975-1994. 
The proportions with adenocarcinoma and large-cell undifferentiated carcinoma 
increased from II % to 21 % and from II % to 15%, respectively, while that with 
squamous cell carcinoma decreased from 78% to 62%. The increase in the proportion 
with adenocarcinoma was only found amoug men. Although the overall prognosis for 
patients with non-small-cell lung cancer has remained unchanged, there have been 
divergent changes between morphological subtypes. Relative 1- and 5-year survival 
rates for squamous cell carcinoma have improved slightly from 48% to 51 % and from 
14% to 16%, respectively, because of an increase in the proportion with localized 
tumoursJ while relative 1- and 5-year survival rates for adenocarcinoma have 
decreased from 59% to 45% and from 28% to 18%, respectively, because of a decrease 
in localized tumours. The proportion with localized tumours and the relative I-year 
survival for large-cell undifferentiated carcinoma (about 18% and 30%, respectively) 
were markedly lower. 
The divergent trends could partly be explained by changes in the histological 
classification of tumours, but changes in patterns of risk and biological behaviour of 
adenocarcinoma cannot be excluded . 

• Reprinted from Br J Cancer, 77. Jansscn-Heijnen MLG, Schipper RM, Klinkhamer PJJM, Crommclin MA, 
Mooi WJ, Coebergh JWW. Divergent changes in survival for histological types of non-small-cellillng cancer in 
the southeastern area of the Netherlands since 1975, pp 2053-7, Copyright (1998), with permission from 
Churchil Livingstone. 
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Introduction 

Overall survival of patients with lung cancer is poor, but it is better for non-small-cell 
than small-cell tumours. Although non-small-celliung cancer is often considered to be 

one clinically uniform category, several studies indicate that survival may differ 
according to histological subtype, being better for squamous cell carcinoma and 
adenocarcinoma than for large-cell undifferentiated carcinoma.!·4 The morphological 

distribution of non-small-cell lung cancers has been changing in many countries, 

including the southeastern part of the Netherlands: the incidence rates for 
adenocarcinoma and large-cell undifferentiated carcinoma have increased, whereas 
that for squamous cell carcinoma has decreased.4

-
S The overall survival rates for nOll

small-cell lung cancer, however, have not changed over time: We studied the changes 
in incidence and survival rates for unselected patients with non-small-cell lung cancer 
in the southeastern part of the Netherlands since 1975, separately for each histological 

subtype. 

Patients and methods 

The patient data were obtained from the Eindhoven Cancer Registry, which serves the 

Dutch province of North Brabant and the northern part of the adjacent province of 
Limburg, an area characterized by a high incidence of lung cancer and by good access 
to specialized care (medically, financially and geographically). The data were derived 

directly from clinical records of community hospitals and the Department of 
Radiotherapy, upon notification by three regional pathological laboratories and 

hospital record offices. Despite the lack of access to death certificates, the 

infrastructure of and good access to Dutch health care facilities and the notification 
procedures used have made it possible to establish cancer registries with a 
completeness exceeding 95%.10 The percentage of clinical diagnoses without 
histological confirmation remained steady at 5% for patients aged younger than 70 and 
II % for those over 70 years. Between 1975 and 1994 10,149 lung cancer patients were 
diagnosed: 7273 non-small-cell lung cancer, 1796 small-cell lung cancer, 471 other 
lung tumours and 609 clinically diagnosed lung tumours, There was a combination of 

passive and active follow-up of all patients diagnosed up to 31 December 1992. The 
latest follow-up to determine vital status by the municipal population administrations 

occurred on I April 1994: 538 patients (8.5%) were still alive, 5738 patients (91.1 %) 
were dead and 22 patients (0.4%) were lost to follow-up. 
Non-small-cell lung tumours were classified as squamous cell carcinoma, 
adenocarcinoma, large-cell undifferentiated carcinoma, and some rare subtypes 

(adenosquamous cell carcinoma, adenoid cystic carcinoma, mucoepidermoid 
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carcinoma and others) according to the WHO classification. lI Stage of disease was 

recorded on the basis of clinical and/or pathological examination: if available, the 

postoperative TNM was used, otherwise the clinical TNM. Two categories were 

considered: localized (stages I and II) and non-localized (stages III (A&B) and IV), 

according to the Tumour-Node-Metastasis (TNM) system of the Union Intcrnationale 

Contre Ie Cancer, version 4. 12 Data on tumour stage collected since 1980 can be 

considered to be reliable. For analysis of treatment policy, the clinical TNM was used. 

Table 1 Characteristics of patiellts with 1I01l-small-celi 111118 callcer diagllosed 
betweell 1975 alld 1994, accordillg to period. 

1975-79 t980-84 1985-89 1990·94 
No. (%) No. (%) No. (%) No. (%) 

Sex 
Male 1423 (95) 1695 (94) 1761 (90) 1737 (%) 
Female 67 (5) 117 (6) 205 (10) 268 (13) 

Age (years) 
<70 979 (66) 1130 (62) 1188 (60) 1186 (59) 
,,70 511 (34) 682 (38) 778 (40) 819 (41) 

Histology 
Squamous cell 1163 (78) 1324 (73) 1300 (66) 1243 (62) 
Adenocarcinoma 170 (11) 295 (16) 397 (20) 425 (21) 
Large-cellundiff. 157 (11) 189 (11) 239 (12) 298 (15) 
Other 0 (0) 4 (0) 30 (2) 39 (2) 

Stage of disease 
Age <70 years 

Localized * 368 (33) 424 (36) 395 (33) 
Non-localized * 694 (61) 694 (58) 726 (61) 
Unknown * 68 (6) 70 (6) 65 (6) 

Age :t?70 years 
Localized * 170 (25) 252 (33) 292 (36) 
Non-localized * 378 (55) 382 (49) 378 (46) 
Unknown * 134 (20) 144 ( 18) 149 (18) 

Thcmpy 
Age <70 years 

Surgery 321 (33) 317 (28) 338 (28) 327 (28) 
Surgery+radiotherapy 58 (6) 98 (9) 115 (10) 112 (9) 
Radiotherapy 372 (38) 480 (42) 533 (45) 507 (43) 
Chemotherapy 56 (5) 36 (3) 16 (1) 11 (1) 
'Other or none' 172 (18) 199 (18) 186 (16) 229 (19) 

Age :270 years 
Surgery 42 (8) 61 (9) 99 (13) 140 (17) 
Surgery+radiotherapy 8 (2) 19 (3) 22 (3) 27 (4) 
Radiotherapy 238 (47) 347 (51) 359 (46) 386 (47) 
Chemotherapy 30 (6) 8 ( 1) 6 (1) 2 (0) 
'Other or none' 193 (37) 247 (36) 292 (37) 264 (32) 

total 1490 1812 1966 2005 

* only data on tumour stage collected since 1980 can be considered to be reliable. 
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Treatment (only recorded when given within the first 6 months after diagnosis) was 

divided into five categories: surgery, surgery and radiotherapy, radiotherapy, 
chemotherapy, and 'other or none', including palliative therapy other than surgery, 

chemotherapy or radiotherapy. 
Relative survival for patients diagnosed up to 1992 was calculated as the ratio of 

observed to expected actuarial rates. Expected survival rates were calculated from1ife 
tables for regional male and female populations (supplied by Statistics Netherlands), 
compiled according to 5-year age groups and year of diagnosis. The risk of death due 
to lung cancer was estimated using a program from the Finnish Cancer Registry. 13 The 
standard eHors of survival rates were calculated according to Greenwood's fonnula,l4 

Survival rates were computed according to sex, age group «70 years, 270 years), 

histological subtype and stage of disease for the periods 1975-79, 1980-84, 1985-89 
and 1990-92. Patients who were diagnosed at autopsy or died within the first month of 

diagnosis were excluded from the survival analysis (N=475, 8%). 

Table 2 Trends ill stage distribution of !loll-small-cell itmg cancer, accordillg 10 

histological type (%). 
Histology Stage 1980-84 1985-89 1990-94 

% % % 
Squamous cell Localized 30 37 39 

Non-localized 58 51 49 
Unknown 12 12 12 
Total N=1324 N=1300 N=1243 

Adenocarcinoma Localized 38 34 32 
Non-localized 52 58 59 
Unknown 10 8 9 
Total N-295 N=397 N=425 

Large-cell undiff. Localized 15 20 18 
Non-localized 78 71 75 
Unknown 7 9 7 
Total N=189 N=239 N=298 

Results 

General characteristics 
In total 7273 patients with non-small-cell lung cancer were diagnosed between 1975 
and 1994 (6616 men and 657 women). The age-standardized incidence rate (WSR) for 
men increased from 59 per 1O0,000 person-years in 1975 to 67 in 1983 and then 

decreased to 52 in 1995. The peak incidence rate for squamous cell carcinoma was 
reached in 1978, while for adenocarcinoma it was 1985. The incidence rate for women 
increased from 3 per 1O0,000 in 1975 to 9 in 1995. The incidence increased for every 

histological type. The male/female ratio decreased from 21 in 1975-79 to 6 in 1990-94 
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and the proportion of elderly patients increased from 34% to 41 %. The characteristics 
of the patients are shown in table l. Squamous cell carcinoma was the most frequent 
histological type, but the proportions with adenocarcinoma (only among men) or large
cell undifferentiated carcinoma have increased markedly. Most patients (50%) 
received radiotherapy and almost 30% of all patients underwent surgical resection 
(almost 40% of younger and 15% of older patients), of whom 6% had combined 
surgery and radiotherapy. The use of chemotherapy (in the 1970s mainly endoxan) has 
decreased markedly. 

Trends in stage distribution and treatment policy 
The proportion of those with squamous cell carcinoma who were aged 70 years or 
more increased from 37% in 1975-79 to 46% in 1990-94, for those with 
adenocarcinoma from 24% to 28% and for those with large-cell undifferentiated 
carcinoma from 27% to 38%. For patients with squamous cell carcinoma the 
proportion with localized tumours has increased since 1980. However, for those with 
adenocarcinoma, the opposite trend was found. For patients with large-cell 
undifferentiated carcinoma, the proportion with localized tumours has not changed and 

was clem'Iy lower than for patients with squamous cell carcinoma or adenocarcinoma 
(table 2). Between 1980 and 1994, just over 85% of all adenocarcinoma patients with a 
localized tumour underwent surgical resection, in contrast to 55-65% of patients with 

squamous cell or large-cell undifferentiated carcinoma. For patients with a non
localized tumour the percentages undergoing surgical resection were similar for all 
three histological types (5-10%). Most patients with a non-localized tumour received 
radiotherapy (figure I). 

Table 3 Relative 1- alld 5-year sWllival rates for patients with nOll-smaIl-ceil 

lung cancer, accordillg to period. 
Relative I-year survival Relative 5-year survival 

1975-79 1980-84 1985-89 1990-92 1975-79 1980-84 1985-89 
%(SE') %(SE') %(SE') %(SE') %(SE') %(SE') %(SE') 

All NSCLC 48 (I) 47 (I) 48 (I) 47 (2) 15 (I) 15 (I) 17 (I) 

Squamous cell 48 (2) 49 (I) 51 (2) 51 (2) 14 (I) 14 (I) 16 (I) 
Adenocarcinoma 59 (4) 49 (3) 46 (3) 45 (4) 28 (4) 24 (3) 18 (2) 
Large-cell undiff. 32 (4) 31 (4) 30 (3) 26 (4) II (3) 7 (2) 10 (2) 

Men 47 (I) 47 (I) 48 (I) 47 (2) 15 (I) 15 (I) 16 (I) 
\Vornen 54 (7) 45 (5) 46 (4) 44 (5) 21 (6) 18 (4) 17 (3) 

Age <70 years 50 (2) 50 (2) 52 (2) 48 (2) 18 (I) 19 (I) 19 (I) 
Age >70 years 42 (2) 41 (2) 41 (2) 46 (3) 8 (2) 6 (I) II (I) 

Localized * 76 (2) 78 (2) 75 (2) * 37 (2) 38 (2) 
Non-localized * 32 (2) 30 (2) 29 (2) * 4 (I) 4 (I) 
IfStandard Error 

*0111y data on tumour stage collected since 1980 can be considered reliable. 
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Figllre 1 

Chapter 4 

Trends in treatmel1f of patients with Jlollfismall-cell lung cancer, 
according to histological type. 
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SUll/ival 
Overall, relative 1-, 5- and IO-year survival rates for patients with non-smaIl-cell lung 
cancer (48%, 16% and 10% respectively) did not change between 1975 and 1992 and 
were similar for men and women. Relative 1- and 5-year survival rates were highest 
for patients younger than 70 years of age and for those with a localized tumour. In 
addition to being dependent on age and stage, survival clearly varied according to 
histological subtype. The relative I-year survival rate for patients with squamous cell 
carcinoma has increased slightly from 48% in 1975-79 to 51 % in 1990-92, while that 
for patients with adenocarcinoma decreased markedly from 59% to 45%; the same 
trends were found for the 5-ycar survival rates. Relative survival rates for patients with 
large-cell undifferentiated carcinoma were much lower and have not changed 
significantly over time (table 3). The decrease in survival found for adenocarcinoma 
was greatest for patients younger than 70 years of age (I-year survival rates decreasing 
from 63% to 46%) and for men (I-year survival rates decreasing from 61% to 45%). 
After stratification according to stage, relative 1- and 3-year survival rates for all three 
histological subtypes did not change over time. 

Discussion 

In the southeastern part of the Netherlands, the prognosis for patients with non-small
cell lung cancer has remained constant between 1975 and 1992, despite an increase in 
the number of chest physicians from 10 to 20 per one million inhabitants. Among 
patients with non-small-cell lung cancer, the proportions with adenocarcinoma and 
large-cell undifferentiated carcinoma increased, while that with squamous cell 
carcinoma decreased. The percentage of localized tumours among patients with 
adenocarcinoma has decreased in contrast to squamous cell carcinoma. The survival 
rate for patients with squamous cell carcinoma has increased slightly since 1975, while 
that for adenocarcinoma has decreased markedly, especially among patients younger 
than 70 years of age and men. However, the changes in survival disappeared after 
stratification according to stage of disease. While the incidence of large-cell 
undifferentiated carcinoma increased, neither stage distribution nor prognosis for these 
patients has changed over time, both being much worse than those found for squamous 
cell carcinoma and adenocarcinoma. 

The incidence rates for squamous cell lung cancer have been decreasing in Western 
countrics,'·6.15.16 15-25 years after the decrease in the percentage of smokers. Absolute 
and proportional increases in the incidence of pulmonary adenocarcinoma have been 
noticed in many countries.5

-
8
,I5-17 The extent to which changes in diagnostic techniques 

and/or classification criteria were responsible for the increase in adenocarcinoma is 
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likely to be limited; despite increased application of better diagnostic techniques 
applied by more chest physicians, the percentage of localized tumours has decreased. 
The few solid carcinomas with mucus production, only classified as adenocarcinoma 

after 1981, JJ cannot be responsible for the increase. Furthermore, in our data set the 
rise in adenocarcinoma was not caused by an increase in bronchioloalveolar 
carcinoma, as has becn observed by othcrs. IB.19 Changes in exposure to risk factors, 
such as the increased use of filter cigarettes,20.21 probably playa role. 
Largc-cell undifferentiated carcinoma has frequently been called a 'waste-basket' or 
nonentity, because the carcinomas are so poorly differentiated that squamous or 
glandular differentiation is no longer evident at the light microscopic level. Thus, the 
incidencc varies with the criteria uscd to classify the other forms of non-small-cell 
lung cancer. Together, strict criteria for the diagnosis of squamous cell carcinoma and 

adenocarcinoma and small biopsies which diminish the chance of detecting focal signs 
of differentiation may have led to more large-cell undifferentiated carcinomas;22 
sometimes the term is used to distinguish them from small-cell tumours. In the mid-
1990s 18 of 52 large-cell unditferentiated carcinomas (35%) could be reclassified as 
squamous cell carcinoma and seven (13%) as adenocarcinoma. Thus, the observed 
decrease in 1-iquamous cell carcinoma may also be because of the increase in large-cell 
undifferentiated carcinoma, whereas the observed increase in adenocarcinoma may be 

even greater. 

In 1975-79 relative I-year survival was highest for patients with adenocarcinoma, but 
in 1980-84 the relative survival for patients with squamous cell carcinoma surpassed 
that for adenocarcinoma. A shift of the more aggressive squamous cell tumours toward 

large-cell undifferentiated tumours or earlier diagnosis because of the usc of more 
refined techniques may have occurred. 
Despite increased application of better diagnostic techniques applied by more chest 
physicians, the percentage patients with localized adenocarcinoma has decreased, with 

a corresponding decrease in survival. The question is whether adenocarcinoma, 
especially among younger patients, has become a morc aggressive tumour. 

Despite a higher resection rate and more younger patients the survival rate for patients 
with localized adenocarcinoma was not much higher than that for patients with 
localized squamous cell carcinoma, as was also found in the USA 23 but not in 
Scolland.4 Tn a study in Germany micrometastases in patients with apparcntly localized 
I d f 'd . ·24 ling cancer occllrre more 0 len III a enocarcmoma patIents. 

Between 1978 and 1985, I-year survival rates in Europe varied between 21 % and 
42%, and 5-year rates between 6% and 15%. The rates were highest in the 
southeastern part of the Netherlands, Finland, Switzerland and France and lowest in 
England, Denmark and Scotland." Since the Eindhoven Cancer Registry is a registry 
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without death certificate only (DCO) cases, some elderly patients and patients with 
poor chances of survival may have been missed. However, the proportion missing lung 
cancer patients in a similar Dutch cancer registry was estimated to be less than 5%.10 
Survival of lung cancer, regardless of histological type, in European countries has not 
improved over time.25 In Yorkshire, England, UK, a modest improvement in 2-year 
survival between 1976 and 1983 was found for patients with non-small-cell lung 
cancer, especially for patients over 70 years and those with squamous cell 
carcilloma;26 however, the percentage with an unknown histology in Yorkshire was 
very high?' 

In conclusion, the prognosis for patients with non-small-cell lung cancer did not 
change significantly between 1975 and 1994. However, there were changes between 
morphological subtypes: the prognosis for squamous cell carcinoma improved slightly, 
probably because of an increase in the proportion with localized tumours, while the 
stage of disease at diagnosis and the prognosis for adenocarcinoma patients became 
worse, especially for younger patients. For patients with Im'ge-eell undifferentiated 
carcinoma neither stage distribution nor prognosis changed during that period. The 
divergent trends may be partly explained by changes in histological tumour typing, but 
changes in patterns of risk and biological behaviour of adenocarcinoma cannot be 
excluded. 
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4.1.2 Common factol' fol' the I'ising incidence and decl'easing sUl'vival 
of adenocal'cinoma of the lung? 

Abstract 

Possible explanations for the negative changes in population-based survival rates for 
adenocarcinoma of the lung between 1975 and 1994 were studied against the 
background of changes in incidence, using data from the Eindhoven Cancer Registry. 
While the peak in the age-standardized incidence rate for squamous cell carcinoma of 
the lung among men was reached in 1978, the rate for adenocarcinoma has increased 

until 1985. The proportion of adenocarcinoma among men has been increasing since 
1975 and for those born after 1920. Among women, the incidence of both squamous 
cell carcinoma and adenocarcinoma increased until the 1990s. There was a trend 
toward a more advanced tumour stage among patients with adenocarcinoma younger 
than 70 years (the proportion advanced tumours increasing from 52% to 64%), but not 
among the elderly. At the same time the relative I-year survival rate for younger 
patients decreased from 64% to 46%; this decline was greatest for men. However, 
survival according to stage has remained unchanged. In a multivariate analysis, 
survival for adenocarcinoma decreased for male patients born since 1930 and for those 

diagnosed since 1980, whereas survival slightly decreased for women born after 1940. 
Since it is unlikely that the decreasing survival rate for younger patients with 
adenocarcinoma is due to changes in cancer detection or treatment, it may point to the 
emergence of a more rapidly metastasizing tumour. Both the rising incidence and the 
decreasing survival may be related to changes in exposure to smoking, the increased 
lise of low-tar filter cigarettes being the most likely candidate. 
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Introdnction 

Among the various histological subtypes of non-small-cell lung cancer, a marked 
absolute and proportional increase in the incidence rates for adenocarcinoma among 
men has been observed in thc southeastern part of the Netherlands as well as in many 
other countries, whereas the incidence of squamous cell carcinoma decreased,l-7 A 

recent analysis in this area with high incidence rates for lung cancer, indicated 
declining survival rates for patients with adenocarcinoma but unchanged survival rates 
for squamous cell carcinoma and large-cell undifferentiated carcinoma,8 Since such a 

decrease in survival for patients with one of the histological subtypes of non-small-cell 
lung cancer is unusual in an area with good access to specialized care (mcdically, 
financially and geographically), we report in more detail on the changes in survival 
rates for adenocarcinoma among men and women against the background of the 
changes in incidence, taking both effects of period of diagnosis and birth cohort into 
account. 

Patients and methods 

The Eindhoven Cancer Rcgistry collects data on patients with cancer newly diagnosed 
in the Dutch province of North Brabant and the northern part of the adjacent province 
of Limburg. Despite the lack of access to death certificates, the infrastructure of Dutch 
health care facilities and the notification procedures used have made it possible to 
establish cancer registries with a completeness exceeding 95%: The number of chest 
physicians has increased from 10 per one million inhabitants in the 1970s to 20 in the 
mid-1980s. During the period 1975-94 the percentage clinical diagnoses without 
histological or cytological confirmation remained steady at 5% for patients younger 
than 70 and II % for those older than 70 years of age. The morphological diagnoses of 
lung cancer were made by 8 pathologists in 3 laboratories. The microscopic diagnosis 
of adenocarcinoma was based on tabuloacinar or papillary growth pattern and/or the 
production of epithelial type mucins by the tumour cells. lo Stage of disease was 
recorded on the basis of clinical andlor pathological examination: if available, the 
postsurgical TNM was used, otherwise the clinical TNM." The patients were divided 
into two categories: localized (stages I and II) and non-localized (stages III (A&B) and 
IV). Data on tumour stage can be considered consistent since 1980. 
Incidence rates were computed per 100,000 person-years for each sex and displayed as 
3-year moving means. Age-adjustment was performed by direct standardization 
according to the European Standard Population (ESR: European Standardized Rate).12 
We also calculated the proportional distribution of histological subtypes for each 10-
year birth cohort, according to IO-year age groups. 
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A combination of passive and active follow-up of all patients diagnosed between 1975 
and 1992 was performed, the latest life-status check being on I April 1994. Of all lung 
cancer patients, only 0.4% were lost to follow-up. Patients who were diagnosed at 
autopsy or died within the first month of diagnosis were excluded from the survival 
analysis (N=99, 9%). Relative survival is defined as the ratio of the crude to the 
expected rates (calculated from life tables for regional male and female populations, 
compiled according to 5-year age groups and year of diagnosis). The univariate risk of 
death due to lung cancer, according to period of diagnosis, was predicted from a model 
prepared by the Finnish Cancer Registry. J3 We used a relative survival analysis 
(Relsurv programme)l4.l5 for estimating the prognostic value on the hazard rate of 
period of diagnosis and birth cohort simultaneously. Birth cohorts were classified as 
10-year periods of birth and period of diagnosis as 1975-79, 1980-84, 1985-89 and 
1990-92. We estimated the effect of age at the time of diagnosis «50, 50-69 and :>:70 
years) in the model, because the mean age decreased with more recent birth cohorts 
and survival has appeared better for younger patients.8 Each birth cohort and period of 
diagnosis was classified by a new dummy, with birth cohort 1920-29 and period 1975-
79 as reference categories. We stratified, according to gender. The likelihood ratio test 
was used for calculating P-values. Effects are defined as net hazard rate ratios for each 
birth cohort and each period compared with the reference categories. 

Results 

A total of 7273 patients with non-smaIl-cell lung cancer was diagnosed between 1975 
and 1994; 1287 had adenocarcinoma (1030 men and 257 women). The peak in 
incidence rates (ESR) for adenocarcinoma among men was reached in 1985, while that 
for squamous cell carcinoma was already reached in 1978. Among women the 
incidence rates for all histological subtypes of non-smaIl-cell lung cancer increased 
until 1994. The proportion of adenocarcinoma among non-smaIl-cell lung cancer for 
men increased from 10% in 1975-79 to 18% in 1990-94, while this proportion for 
women remained about 40%. The proportion of adenocarcinoma among non-smaIl-cell 
lung cancer has been increasing among men born since 1920, while there was no such 
trend among women (table I). 
There was a trend toward a more advanced stage among younger patients (the 
proportion of patients with advanced tumour stage increasing from 52% to 64%), 
while the trend among the elderly was opposite (decreasing from 54% to 44%). The 
proportion of tumours of unknown stage remained constant in both age groups. 
Between 1975 and 1992 the relative 1- and 3-year survival rates for younger patients 
with adenocarcinoma have decreased markedly from 63% to 46% and from 38% to 

. 26%, respectively (table 2); this decrease was most marked for men. After 



Men Age cohort 20-49 yrs Age cohort 50-59 yrs Age cohort 60-69 yrs Age cohort 70-79 yrs 
Birth cohort % mean N" % mean N" % mean N" % mean N" 

AC a~e AC age AC age" AC age 
1890-1899 11 78.3 66 
1900-1909 10 68.3 173 8 74.8 868 
1910-1919 9 58.5 91 12 65.8 1141 12 74.0 1114 
1920·1929 12 48.6 25 19 56.4 596 20 64.8 1139 16 71.5 190 
1930-1939 20 46.3 139 30 55.3 531 22 61.5 162 
1940-1949 27 43.7 139 34 51.7 41 
1950-1959 44 33.9 18 

Women Age cohort 20-49 yrs Age cohort 50-59 yrs Age cohort 60-69 yrs Age cohort 70-79 yrs 
Birth cohort % mean N" % mean N % mean N" % mean N" 

AC a~e AC aRe AC aRe AC aRe 
1890-1899 ---- ---- 3 
1900-1909 ---- ---- 9 34 74.6 35 
1910-1919 ---- ---- 2 42 66.1 53 30 74.1 76 
1920-1929 ---- ---- 2 44 56.6 50 42 64.9 142 39 71.2 18 
1930-1939 50 46.7 34 34 55.5 100 40 61.8 20 
1940-1949 50 43.1 52 42 52.2 12 
1950-1959 35 37.9 23 

. The mean age and the number of patients reflect all patients with non-small-cell lung cancer. 

Age cohort 80-99 yrs 
% mean N" 
AC age 
8 83.9 121 
9 83.0 285 
9 81.2 67 

Age cohort 80-99 yrs 
% mean N" 
AC aRe 
50 84.9 12 
44 84.2 32 
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We studied the effects of period of diagnosis and birth cohort simultaneously. 
Addition of age group did not substantially improve the model (P=0.2). The hazard 
rate ratio decreased in men b0111 between 1890 and 1930, whereafter it increased again 
(P<O.OI). The hazard rate ratio for period of diagnosis increased from 1975-79 to 
1985-89 (P<O.OI). The hazard rate ratio in women increased for those born since 1940, 
but there was no significant effect for period of diagnosis (P=O.4). 

Table 2 Trends in relative l- and 3-year slllllival rates Jor patiellts with 
adenocarcinoma, according to age, gender and stage. 

Relative I-year survival Relative 3~ycar survival 
1975-79 1980-84 1985-89 1990-92 1975-79 1980-84 1985-89 1990-92 

%(SE') %(SE') %(SE') %(SE') %(SE') %(SE') %(SE') %(SE') 

Overall 59 (4) 49 (3) 46 (3) 45 (4) 36 (4) 27 (3) 25 (2) 24 (3) 
Age <70 years 63 (4) 56 (4) 49 (3) 46 (4) 38 (5) 33 (I) 27 (3) 26 (4) 
Age ~70 years 47 (9) 29 (6) 34 (6) 40 (7) 29 (9) 20 (5) 
Men 61 (4) 48 (3) 47 (3) 45 (4) 39 (5) 26 (3) 24 (3) 23 (4) 
\Vomen 53 (10) 51 (7) 43 (6) 44 (7) 30 (7) 27 (6) 26 (7) 
Localized * 81 (4) 84 (3) 77 (4) * 54 (4) 57 (4) 49 (5) 
Non-localized * 22 (3) 22 (2) 23 (3) * 5 (2) 6 (1) 8 (2) , 

Standard Error 

* Only dutu collecled since 1980 can be considered reliable. 

Discussion 

Among men with non-small-cell lung cancer in the southeastern part of the 
Netherlands the proportion of adenocarcinoma increased since 1975 and for those born 
since 1920, while among women this proportion remained roughly unchanged. For 
male patients with adenocarcinoma born since 1930 and for those diagnosed since 
1975 the survival rate decreased, whereas the survival rate for female patients slightly 
decreased for those born since 1940. 

The role of changes in detection or histological tumour typing in the increase in 
incidence for male patients born after 1920 is likely to be limited: despite better 
diagnostic techniques and the increase in the number of chest physicians, the majority 
of adenocarcinomas were not diagnosed in an earlier stage of disease. Furthermore, the 
rise in adenocarcinoma was not caused by an increase in bronchioloalveolar 
carcinoma, as was found in the United States. 16

,17 Most of the increase in the incidence 
rate for adenocarcinoma among men appears to be real. It has been previously 
suggested that this increase may be due to the increased use of low-tar filter cigarettes 
since the 1960s, especially since they only found an increase in adenocarcinoma 
among smokers.6

.
I7 The use of filters in longstanding smokers generally results in 

different inhalation behaviour, e.g. taking larger puffs and retaining smoke longer in 
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order to compensate for the lower nicotine yield of filter cigarettes. The subsequent 
increased deposits of smoking particles in the bronchioles could enhance the risk for 
tumours in the peripheral lung zones, where a substantial number of pulmonary 
adenocarcinomas arise. 18 Furthermore, low-tar filter cigarettes may increase the risk 
for adenocarcinoma because of their higher nitrate content.!9 Younger people in the 
Netherlands were morc inclined to smoke low-tar filter cigarettes than the elderly (data 
derived from periodic surveys in the Netherlands). The change in exposure to filter 
cigarettes has been less marked for women, because the proportion of smoking women 
only increased markedly since the 1960s. They mainly smoked low-tar filter cigarettes 
and the proportion of adenocarcinoma has been considerably higher than for men 
during the whole study period. 

Figure 1 
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While the prognosis for patients with the other histological subtypes of non-small-cell 
lung cancer remained unchanged,S we have searched for explanations for the decline in 

the survival rate since 1975 for male patients with adenocarcinoma of the lung who 
were born since 1930. Among these patients the proportion with early disease has also 
been decreasing. It is unlikely that this is due to an increase in patient delay or doctor 
delay. First, there is an increased awareness among the public of the importance of 
early diagnosis of cancer in general, and of the major signs of cancer. Second, the 
number of chest physicians has incrcased twofold and detection has improved by the 
increased use of flexible bronchoscopy. We hypothesize that the biological behaviour 
of adenocarcinomas may have shifted toward a more rapidly metastasizing tumour. 
This could be associated with the shift to smoking more low-tar filter cigarettes since 
the 1960s, especially since younger men were more likely to switch from high-tar non
filter cigarettes to low-tar filter cigarettes than the elderly. The percentage smoking 
low-tar filter cigarettes in the Netherlands has steadily been increasing since the 1960s, 
up to 78% among male cigarette smokers and up to 92% among female cigarette 
smokers in 1997 (data derived from periodic surveys in the Netherlands). As described 
above, filter usc could result in a deeper penetration of carcinogens in the peripheral 
lung zones. In this respect, cigarette smoke-induced K-ras mutations, which are known 

to be associated with the adenocarcinoma phenotype in lung cancer, have been shown 
. I d' b . d . h . 20-22 m severa stu les to e assocmte WIt a poor prognOSIS. 

We hypothesize that a shift in smoking-related risk factors, such as the increased use 
of low-tar filter cigarettes, may explain the increase in incidence as well as the 

decrease in survival for adenocarcinoma, especially in male patients who were born 

after 1920. 
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4.2 Improvement and plateau in sUl'vival of small-cell lung cancel' 
since 1975: a population-based study' 

Summary 

Background: Cytotoxic therapy appears to have improved short-term survival for 
patients with small-cell lung cancer, but little is known about the results for unselected 
patients and trends in long-term survival. 
Patients and methods: One thousand seven hundred ninety six patients with small-cell 
lung cancer diagnosed between 1975 and 1994 in the southeastern part of the 
Netherlands. We studied treatment policy for and survival of unselected patients since 
1975, when cytotoxic thcrapy emerged. 
Results: The proportion patients receiving chemotherapy, with or without irradiation, 

almost tripled from 30% to 82% for patients younger than 70 years of age and from 
15% to 56% for those over 70, whereas the proportion receiving only radiotherapy 
decreased from 36% to 5% in both age groups. The short-term «2-year) survival rate 
improved markedly between 1975 and 1989, especially for patients youngcr than 70 
(median survival increased from 5 to 10 months). Two-year survival remained pOOl' 

(8%). Two percent of all patients younger than 70 years at diagnosis survived for at 
least 8 ycars, but thcse patients still represent an excess five-year mortality of 39%. 
Conclusion: In the southeastern part of Netherlands short-term survival of patients 

with small-cell lung cancer improved markedly up to the end of the 1980s, but a major 
impact on cure rates has not been achieved . 

• Reprinted from Ann Oneal, 9. Junssen-Heijnen MLG, Schipper RJ..1, Klinkhumcr PJJM, Crommclin MA, 
Coebergh JWW. Improvement and plateau in survival of smull-cell lung cancer since 1975, a population-based 
study, pp 543-7, Copyright (1998), with kind permission from Kluwcr Academic Publishers. 
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Introduction 

Small-cell lung cancer (SCLC) accounts for approximately 20% of all lung tumours 
among males and 25% alllong females in the southeastern part of the Netherlands,l 
SCLC has the poorest prognosis of all lung cancer cell types, particularly because of 
the rapid growth rate and early metastatic spread;2,) median survival for selected and 
unselected patients is about 12 months for limited disease and only about six months 
for extensive discase,'-6 Since the end of the 1970s chemotherapy has become therapy
of-first-choice except for those rare patients with a localized peripheral lesion which 
should be resected. With the improvcment of cytotoxic therapy over the last two 
decades, survival for patients with SCLC appears to have improved,'-9 but only little is 
known about trends in long-term survival for unselectcd patients.7

,10 We studied 
treatment policy for and both short-term and long-term survival of unsc1ected patients 
with SCLC diagnosed in the southeastern part of the Netherlands since 1975, the 
period of development of cytotoxic therapy. 

Patients and methods 

Data were obtained from the Eindhoven Cancer Registry. which contains data on 
patients with newly diagnosed cancer in the Dutch province of North Brabant and the 
northern part of the adjacent province of Limburg. The area is characterized by good 
access to specialised care (medically, financially and geographically) in community 
hospitals, served by three regional pathology laboratories and one Department of 
Radiotherapy." Between 1975 and 1994 the number of chest physicians, who mainly 
treated these patients, increased from 10 to 20 per onc million inhabitants. The data 
were derived directly from clinical records of the community hospitals and the 
Department of Radiotherapy, upon notification by pathological laboratories and 
hospital administrations. Despite the lack of 'Death Certificate Only' (DCO) cases, the 
infrastmcture of the Dutch health care system has made it possible to establish cancer 
registries with a completeness exceeding 95%.12 
Between 1975 and 1994 10,149 lung cancer patients were diagnosed in the 
southeastern part of the Netherlands: 7273 non-small-cell lung cancer, 1796 small-cell 
lung cancer, 471 other lung tumours and 609 clinically diagnosed lung tumours. 
All patients diagnosed up to 1992 (N=1585) were included in survival analysis: there 
was active follow-up until I April 1994. Of these 1585 SCLC patients 30 (2%) were 
still alive and 1555 (98%) were dead; none were untraceable. Patients who were 
diagnosed at autopsy or died within the first month of diagnosis were excluded from 
the survival analysis (N=242, 15%). Tumour stage at diagnosis was based on physical 
examination. Tumours were classified according to the Veterans Administration Lung 
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Table 1 General characteristics of patients with small-cell hmg cancer diagnosed 
belweell1975 alld 1994. 

1975-79 1980-84 1985-89 1990-94 
No. (%) No. (%) No. (%) No. (%) 

Sex 
Male 372 (93) 398 (92) 369 (85) 427 (81) 
Female 27 (7) 35 (8) 65 (15) 103 (19) 

l\'lean age (range) 64 (34-91) 64 (31-88) 65 (37-89) 66 (36-92) 
Therapy 
Age <70 years (N=1207) 

Surgery 29 (10) 14 (5) 12 (4) 11 (3) 
Radiotherapy (RT) 98 (35) 20 (7) 7 (2) 12 (4) 
Chemotherapy (CT) 36 (13) 116 (39) 150 (51) 191 (56) 
CT+RT 47 (17) 77 (26) 77 (26) 88 (26) 
Other or none 70 (25) 67 (23) 47 (16) 38 ( II) 

Age :2:70 years (N=589) 
Surgery 6 (5) 3 (2) 2 (I) 6 (3) 
Radiotherapy (RT) 45 (38) 16 (12) 12 (9) 11 (6) 
Chemotherapy (CI) 7 (6) 58 (42) 66 (47) 81 (43) 

CT+RT II (9) 14 (10) 17 (12) 25 (13) 
Other or none 50 (42) 48 (35) 44 (31) 67 (35) 

Total 399 433 434 530 

Cancer Study Group (V ALG). J3 Two categories were considered: limited disease 

(confined to one hemithorax including hilar, ipsilateral and contralateral mediastinal, 
and ipsilateral and contralateral supraclavicular lymph nodes) and extensive disease 
(any disease at sites beyond the definition of limited disease). Data on tumour stage 
collected since 1990 were used for this analysis. 
Treatment (only recorded when given within the first six months, except for 
radiotherapy) was divided into five categories: surgery, chemotherapy alone, 
radiotherapy alone, chemotherapy + radiotherapy, and 'other or none', including 

palliative care other than surgery, chemotherapy or radiotherapy. 
We analysed the trends in treatment policy and survival for SCLC since 1975. Some of 
the patients died of causes other than the underlying cancer, particularly long-term 
survivors and older patients, thus the observed survival (irrespective of the cause of 
death) may not always reflect the disease-specific survival. Since causes of death are 
not included in this cancer registry, it is not possible to calculate disease-specific 
survival. In order to estimate the latter, the relative survival rate was calculated as the 

ratio of the observed to the expected actuarial rates. Expected survival rates were 
estimated from life tables for regional male and female populations with the same 5-
year age groups (supplied by Statistics Netherlands). The risk of death due to small
cell lung cancer and the P-values of equality of relative survival on the basis of 
maximum likelihood ratio tests were calculated using a program of the Finnish Cancer 
Registry.'"·15 For patients younger than 70 years of age diagnosed between 1975 and 
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1989 the conditional relative 5-year survival rates were computed for patients who 
were still alive after one, three, five and eight years. The standard errors of survival 
rates were calculated according to Greenwoodls formula. 16 

Table 2 Treatmellt (%) of small-celllllllg cm,cel; accordillg to age alld stage (1990-
1994). 

Stage of disease 
Age (years) Limited Extensive unknown 
<70 Number (%) 139 (41) 128 (38) 73 (21) 

Treatment (%) 
Surgery 6 0 4 
Radiotherapy 3 4 4 
Chemotherapy 49 62 60 
Chemotradiotherapy 35 19 21 
Other or none 7 16 II 

:>'70 Number (%) 68 (36) 62 (33) 60(31) 

Treatment (%) 
Surgery 7 0 2 
Radiotherapy 9 5 3 
Chemotherapy 41 45 42 
Chemo+radiotherapy 28 8 2 
Other or none 15 42 52 

Results 

Distriblltioll of progllostic factors 
The general characteristics of the patients, according to period of diagnosis, are listed 
in table 1. Between 1975 and 1994 1796 patients with small-cell lung cancer were 
diagnosed (1566 men and 230 women); the male/female ratio decreased from 14 in 
1975-79 to 4 in 1990-94. The mean age remained about 65 years (range 31-92 ycars). 
For patients diagnosed between 1990 and 1994 the proportion with limited disease was 
41 % for patients younger than 70 years of age and 36% for those over 70, whereas the 
proportions with extensive disease were 38% and 33%, respectively. The proportion 
with disease of unknown stage was higher for older patients (31 %) than for younger 
patients (21 %). Most patients (58%) received chemotherapy, with or without 
irradiation, a proportion which almost tripled from 30% to 82% of patients younger 
than 70 and from 15% to 56% of those over 70. The proportion patients who 
underwent surgical resection or irradiation decreased markedly in both age groups 
(table 1). Treatment for each stage of disease and for both age groups (1990-1994) is 
shown in table 2. Elderly patients (270 years) were treated less aggressively, especially 
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those with cancer of the extensive or unknown stage. Furthermore, patients with 
limited stage small-cell lung cancer more often underwent surgery or received a 
combination of chemotherapy and radiotherapy. 

Table 3 Relative slIn'ivat, accordillg to gellder, age alld stage, ill all SCLC patiellts 
diagllosed betweell 1975 alld 1992. 

1975-79 1980-84 1985-89 1990-92 
Diagnosed at autopsy or 14% 14% 16% 18% 
dead within 1 month 
All SCLC (N=1585) median (months) 5 7 9 9 

0.5 yr (SE*) 43% (3) 58% (3) 70% (2) 71 % (3) 
I yr (SE*) 16% (2) 25% (2) 34% (2) 35% (3) 
1.5 yrs (SE*) 10% (2) II % (2) 13% (2) 16% (2) 
2 yrs (SE*) 7% (I) 8% (I) 8% (I) 8% (2) 

Gender 
Males (N=1395) median (months) 5 7 9 9 
Females (N=190) mediali (months) 6 9 II 9 

Age 
<70 yrs (N=1073) median (months) 5 8 10 10 
<070 yrs (N=512) median (months) 5 5 6 6 

Stage of disease 
Age < 70yrs 

Limited (N=85) median (months) 13 
Extensive (N=76) median (months) 8 
Unknown (N=45) median (months) 8 

Stage of disease 
Age <o70yrs 

Limited (N=29) median (months) 10 
Extensive (N=43) median (months) 
Unknown (N=41) median (months) 

~ Conditional on being alive at I month since diagnosis 
* Standard Error 

Sun/ivai 

Of all patients with SCLC diagnosed between 1975 and 1992 242 (15%) were 
diagnosed at autopsy or died within one month of diagnosis, i.e. 12% of patients 
younger than 70 and 22% of thosc over 70. For those alive after I month the median 
survival increased from five months in 1975-79 to nine months in 1985-89 and 1990-
92. The improvement only applied for short-term «2 years) survival (figure I). The 
overall 2-year relative survival rate remained only 8%. The increase in short-term 
survival was found for both males and females and was most marked for patients 
younger than 70 years. Survival was better for females, patients younger than 70 and 
patients with limited disease (table 3). 
Testing of equality of the two-year survival patterns showed a levelling off of the 
improvement for patients younger than 70 years: P<O.OI for 1980-84 vs. 1975-79, 
P=0.32 for 1985-89 vs. 1980-84 and P=0.63 for 1990-92 vs. 1985-89. For elderly the 

5 
3 
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improvement in survival was less marked: P=0.42 for 1980-84 vs. 1975-79, P=0.24 for 
1985-89 vs. 1980-84 and P=0.34 for 1990-92 vs. 1985-89. 
Ninety patients (6%) survived for at least 2 yem·s. The distribution of prognostic 
factors at diagnosis for these 'long-term' survivors differed from that found for the 
initial group: the mean age was 3.5 years younger, there were more females (16% 
versus 12%) and the proportion with a surgically resected tumour was also much 
higher (25% versus 5%). Two of the 90 'long-term' survivors developed a second 
malignancy. One had a pancreatic tumour 4.2 years after diagnosis of the first tumour; 
the patient survived only two days after diagnosis of this second tumour. The other had 
a squamous cell lung tumour 6.2 years after diagnosis, with a survival of 4.6 years. 
The relative 5-year survival rate, calculated for patients younger than 70 years of age 
at diagnosis who were still alive after I, 3, 5, and 8 years, respectively, increased from 
12% conditional on being alive after I year to 61 % conditional on being alive after 8 
years (table 4). 

Table 4 Relative 5-year slln.il'ai (%) for patiellts «70 yrs) who were still alive at 
gil'ell illten.als after diagllosis (1975-1989). 

Survival 
proP0l1ioll o{initial group 

* Standard error 

Discussion 

Interval after diagnosis 
year 1 (sc*) year 3 (se*) 
l2% (2) 56% (iO) 
24 4 

year 5 (se*) 
59% (l3) 
3 

year 8 (se*) 
6l % (l6) 
2 

In the southeastern part of the Netherlands chemotherapy has been first-choice therapy 
for patients with SCLC since the beginning of the 19808. Short-term survival «2 
years) has almost doubled since 1975, especially for patients younger than 70 years; 
however, 'long-term' survival (>2 years) remained poor and excess mortality for 
patients who were alive after eight years was 39%. 

The improved short-term survival is likely to be due to the increased use of 
chemotherapy since the end of the 1970s. Cyclophosphamide-Doxorubicin-Etoposide 
(eDE) has been the standard combination in the southeastern part of the Netherlands 
and had not evolved to a platinum containing regimen during the study period. 
Nonetheless, despite initial chemosensitivity, the majority of patients relapse or 
develop a second tumour and die; 17.18 results of chemotherapy seem to have reached a 
plateau and ascending from here seems impossible with the current available tools: 
The percentage patients receiving radiotherapy alone or radiotherapy after 
chemotherapy decreased, even though meta-analyses showed that survival for patients 
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with limited disease who received chemotherapy and radiotherapy was significantly 
better than for those receiving chemotherapy alone. 19.20 

Our data do not show an improvement in median survival over time for oldcr patients, 
which may be due to less aggressive treatment because of poor performance status. 
The latter is related to the high prevalence of co-morbidity in these cases: according to 
unpublished data from our Cancer Registry, 60% of patients over 70 with small-cell 
lung cancer diagnosed between 1993 and 1995 in the southeastern part of the 
Netherlands had one or more serious co-morbid conditions such as cardiovascular 
diseases or chronic obstructive lung diseases (COPD). The proportion receiving 
chemotherapy (of patients over 70) decreased slightly from 73% for those without 
concomitant diseases to 65% for those with two or more concomitant diseases. 
Nonetheless, in several other studies on unselected patients it was found that even 
elderly patients with co-morbidity are likely to benefit from combination 
chemotherapy,6,21 Moreover, doxorubicin appeared to have no influence on cardiac 
arrhythmias in small-cell lung cancer patients with cardiac disease.22 In a Canadian 
study elderly patients were treated less aggressively than younger patients, but survival 
was similar for the two age groupS.23 

In our study only six percent of all SCLC patients (N=90) survived for at least two 
years, a finding similar to that of the SEER (Surveillance, Epidemiology and End 
Results) project in the United States.24 Two of these 'long-term' survivors developed a 
second malignancy: a non-small-cell lung tumour and a pancreatic tumour. In other 
studies non-small-cell lung cancer developed in 0.5% to 24% and other malignancies 
in 3% to II %:.10.25-31 However, the numbers with second malignancies in these studies 

were very small. 

Conclusion: in the southeastern part of the Netherlands short-term survival of patients 
with small-cell lung cancer improved markedly up to the end of the 1980s, but a major 
impact on cure rates has not been achieved. 

References 

1. Janssen-Heijnen MLG, Nab H\V, van Reek J, et aJ. Striking changes in smoking behaviour and 
lung cancer incidence by histological type in the south-east Netherlands, 1960-1991. Eur J Cancer 
1995; 31A: 949-52. 

2. Fox \Y. Scadding 10. Medical Research Council comparative trial of surgery and radiotherapy for 
primary treatment of small-celled or oat-celled carcinoma of bronchus: ten-year follow up. Lancet 
1973;2:63-5. 

3. Matthews MJ, Kanhouwa S, Pickren J, et al. Frequency of residual and metastatic tumors in 
patients undergoing curative surgical resection for lung cancer. Cancer Chemother 1973; 4: 63-7. 

4. George TK, Fitzgerald D, Brown BS, et al. Long-term survival in limited-stage small-cell lung 
carcinoma: experience in Rochester, New York from 1975 to 1981. Cancer 1986; 58: 1193-9. 



Trends ill survival 79 

5. Osterlind K, Andersen PK. Prognostic factors in small-cell lung cancer: multivariate model based 
on 788 patients treated with chemotherapy with or without irradiation. Cancer Res 1986; 46: 
4189-94. 

6. Shepherd FA, Amdemichael E, Evans \VK, et al. Treatment of small-cell lung cancer in the 
elderly. J Am Geriatr Soc 1994; 42: 64-70. 

7. Choi NC, Carey R\V, Kaufman D, et al. Small-cell carcinoma of the lung: a progress report of 15 
years' experience. Cancer 1987; 59: 6-14. 

8. Skarln AT. Analysis of long-term survivors with small-cell lung cancer. Chest 1993; 103: 440S-
4S. 

9. Lassen U, Osterlind K, Hansen M, et a1. Long-term survival in small-cell lung cancer: 
posttreatment characteristics in patients surviving 5 at 18+ years: an analysis of 1,714 consecutive 
patients. J Clin Onco11995; 13: 1215-20. 

10. Souhami RL, Law K. Longevity in small-cell lung cancer: a report to the Lung Cancer 
Subcommittee of the United Kingdom Coordinating Conmlittee for Cancer Research. Br J Cancer 
1990; 61: 584-9. 

11. Coebergh JWW, van der Heijden LH, Janssen-Heijnen MLG (eds.). Cancer incidence and 
survival in the south-east of the Netherlands 1955-1994: a report from the Eindhoven Cancer 
Registry. Eindhoven, The Netherlands, 1995. 

12. Schouten U, Hoppener P, van den Brandt PA, et a1. Completeness of cancer registration in 
Limburg, the Netherlands. Int J Epidemiol1993; 22: 369-76. 

13. Stahel RA, Ginsberg R, Havemann K, et a!. Staging and prognostic factors in small-cell lung 
cancer: a consensus report. Lung Cancer 1989; 5: 119-26. 

14. Hakulinen T, Abeywickrama KH. A computer package for relative survival analysis. Computer 
Programmes in Biomedicine 1985; 19: 197-207. 

15. Hakulinen T, Tenkanen L, Abeywickrama K, Ptlivarinta L. Testing equality of relative survival 
pattems based on aggregated data. Biometrics 1987; 43: 313-25. 

16. Greenwood M. Reports on Public Health and Medical Subjects No. 33, appendix 1: the "errors of 
sampling" of the survivorship tables. London, 1926: Her Majesty's Stationary Office. 

17. Findlay MPN, Griffin AM, Baghavan D, et al. Retrospective review of chemotherapy for small
cell lung cancer in the elderly: does the end justify the means? Eur J Cancer 1991; 27: 1597-1601. 

18. Schiller lH, Ettinger DS, Larson MM, et al. Phase IT trial of oral etoposide plus cisplatin in 
extensive stage small-cell carcinoma of the lung: an Eastem Cooperative Oncology Group Study. 
Eur J Cancer 1994; 30A: 158-61. 

19. Pignon J-P, Arriagada R, Thde DC, et a1. A meta-analysis of thoracic radiotherapy for small-cell 
lung cancer. N Engl J Med 1992; 327: 1618-24. 

20. Arriagada R, Pignon JP, lhde DC, et al. Effect of thoracic radiotherapy on mortality in limited 
smaU-celllung cancer: a meta-analysis of 13 randomized trials among 2,140 patients. Anticancer 
Res 1994; 14: 333-5. 

21. Clamon GH, Audeh MW, Pinnick S. Small-cell lung carcinoma in the elderly. J Am Geriatrics 
Soc 1982; 30: 299-302. 

22. Raabe NK, Storstein L. Cardiac arrhythmias in patients with small-cell lung cancer and cardiac 
disease before, during and after doxorubicin administration: an evaluation of acute cardiotocicity 
by continuous 24-hour Holter monitoring. Acta Oncol 1991; 30: 843-6. 

23. Dajczman E. Fu LY, Small D, et al. Treatment of small-cell lung carcinoma in the elderly. Cancer 
1996; 77: 2032-8. 

24. Davis S, Wright PW, Schulman SF, et al. Long-term survival in small-cell carcinoma of the lung: 
a population experience. J Clin Oncol 1985; 3: 80-91. 

25. Albain KS, Crowley n, Livingston RB. Long-term survival and toxicity in small-cell lung cancer: 
expanded Southwest Oncology Group experience. Chest 1991; 99: 1425-32. 

26. Heyne KH, Lippman SM, Lee n, et al. The incidence of second primary tumors in long-term 
survivors of small-cell lung cancer. J Clin Oncol 1992; 10: 1519-24. 

27. Van der Gaast A, Postmus PE, Burghouts J, et al. Long term survival of small-cell lung cancer 
patients after chemotherapy. Br J Cancer 1993; 67: 822-4. 



80 CIII/pter 4 

28. Johnson BE, Linnoila RI, \Villiams JP, et al. Risk of second aerodigestive cancers increases in 
patients who survive free of small-cell lung cancer for more than 2 years. J Clin Oneol 1995; 13: 
!o1-11. 

29. Verhagen AF. Tavilla G, van de \Val HJ, et al. Multiple primary lung cancers. Thorae Cardiovasc 
Surg 1994; 42: 404. 

30. Moro D, laconlet P, Quoix E, et al. Small-cell lung cancer: patients surviving longer than thirty 
months. Anticancer Res 1994; 14: 301-4. 

31. Ostcrlind K, Hansen HH, Hansen M, et al. Mortality and morbidity in long-term surviving 
patients treated with chemotherapy with or without irradiation for small-cell lung cancer. J Clio 
Onco11986; 4: 1044-52. 



TreJlds ill survival 81 

4.3 Prevalence of co-morbidity in lung cancer patients and its 
relationship with treatment: a popnlation-based study' 

Abstract 

Backgroulld: with the rising mean age of lung cancer patients, the number of patients 
with serious co-morbidity at diagnosis is increasing. As a result, co-morbidity may 
become an important factor in both the choice of treatment and survival. We studied 
the prevalence of serious co-morbidity among newly diagnosed lung cancer patients 
and its association with morphology, stage and treatment. 
Patiellts: a total of 3864 lung cancer patients registered in the population-based 
registry of the Comprehensive Cancer Centre South between 1993 and 1995. 
Results: during the study period, the mean age of patients was 67 years (range: 29-93). 
The most frequent concomitant diseases were cardiovascular diseases (23%), chronic 
obstructive pulmonary diseases (COPD) (22%) and other malignancies (15%). The 
prevalence of concomitant discases was highest for men (60%), patients with 
squamous cell carcinoma (64%) and those with a localized tumour (66%). The 
resection rate for patients <70 years, with a localized non-small-celliling tumour, was 
especially low for those with COPD (67%) or diabetes (64%) compared with patients 
without concomitant diseases (94%). The association between co-morbidity and 
chemotherapy for patients with small-cell lung cancer was limited. 
COIle/usiolls: the prevalence of co-morbidity, especially cardiovascular diseases and 
COPD, among lung cancer patients is about twice as high as in the general population. 
Co-morbidity seems to be associated with earlier diagnosis of lung cancer, but it may 
also lead to less accurate staging and less aggressive treatment. Thus, prognosis is 
likely to be negatively influenced by co-morbidity . 

• Reprinted from Lung Cancer (in press). Janssen-Hcijnen MLG, Schipper RM, Razcnberg PPA, Cronullelin 
MA, Cocbergh J\VW. Prevalence of co·morbidity in lung cancer patients and its relationship with treatment: a 
population-based study, Copyright (l998), with permission from Elsevier Science. 
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Introduction 

Lung cancer is the most common type of cancer among men in the Netherlands and 
ranks third for women; incidence increases sharply with age. I With the rising mean 
age of lung cancer patients diagnosed in the southeastern part of the Netherlands from 
61 years in 1960 to 67 years in 1995, care for cancer patients with serious concomitant 
diseases is becoming increasingly complex, because of complications and quality-of
life after treatment?·5 The prognosis for patients with co-morbidity may also be worse, 
independent of age, disease stage, and type of treatment. 6·8 The Eindhoven Cancer 
Registry, at the request of clinicians, has been collecting data on clinically relevant 
concomitant diseases on all cancer patients since 1993. We analysed the age-specific 
prevalence of serious co-morbidity for lung cancer patients in relation to cancer 
morphology, stage of disease and treatment. Since mortality in our area, especially due 
to tobacco-related causes of death such as respiratory diseases, cancer and 
cardiovascular diseases, is almost twice as high for men as women,9 we evaluated the 
prevalence of co-morbidity for each sex separately. 

Table 1 Ciassificatioli of co-morbidity, accordilig to all adapted versioli list of 
Charlsoli ef al. (1987). 
COPD 
Cardiovascular diseases (myocardial infarction, cardiac decompensation, angina 

pectoris, intermittent claudication, abdominal aneurysm) 
Cerebrovascular diseases (cerebrovascular accident, hemiplegia) 
Other malignancies (except basal cell skin carcinoma) 
Hypertension 
Diabetes Mellitus (medically treated) 
Other: 
soft tissue diseases (Besnier Boeck disease (sarcoidosis), Wegener's granulomatosis, 
SLE (systemic lupus erythematosis» 
rheumatoid arthritis (only severe) 
kidney diseases (chronic glomerulonephritis, chronic pyelonephritis) 
bowel diseases (Crohn's disease, ulcerative colitis) 
liver diseases (cirrhosis, hepatitis) 
dementia 
tuberculosis 

Patients and methods 

Data wcre derived from the Eindhoven Cancer Registry, which has collected data on 
patients with newly diagnosed cancer since 1955 in the Dutch province of North 
Brabant and since 1970 also in the northern part of the adjacent province of Limburg. 
This registry serves a population of about 2 million inhabitants. The access to 
specialized care is good, supplied by 16 community hospitals and two large 
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Radiotherapy Institutes. Data on clinically relevant concomitant diseases, noted in the 
clinical records (history, preoperative report or correspondence between specialists and 
the general practitioner), has been registered since 1993, according to a slightly 
adapted version of the list of Charlson and colleagues (table 1).10 

We validated if the registration clerks had recorded co-morbidity correctly from the 
medical records by evaluating the records of 127 consccutive lung cancer patients 
diagnosed in 1995 in three hospitals. The registration clerks had underestimated the 
total number of diseases by 8%. Underestimation was found mainly for cardiovascular 
diseases (27% of the originally recorded prevalence), because terms such as coronary 
artery bypass gratting (CABG), bypass and percutaneous transluminal coronary 
angioplasty (PTCA) had sometimes been disregarded. The occurrence of chronic 
obstructive pulmonary disease (COPD) was overestimated by 6% of the originally 
recorded prevalence, due to vague description in the medical record. Because the 
methods of registration were only improved in 1996 and the registration clerks 
recognized the deficiency recording cardiovascular diseases and COPD, we increased 
the prevalence of cardiovascular diseases recorded in the period 1993-95 by 27% of 
the originally recorded prevalence and we decreased the prevalence of COPD by 6%. 
Ltmg cancer was classified as small-cell and non-small-cell carcinoma; the latter 
includes squamous cell carcinoma, adenocarcinoma, large-cell undifferentiated 
carcinoma and some rare subtypes. II Tumour stage was recorded in the Eindhoven 
Cancel' Registry on the basis of clinical examination, according to the Tumour-Node
Metastasis (TNM) system of the Union Internationale Contre Ie Cancer, version 4, 
1987. 12 Non-small-cell tumours were classified as: localized (stages I and II) and non
localized (stages lIla, IIIb and IV). Small-cell lung tumours were classified as limited 
(confined to one hemithorax including hilar, ipsilateral and contralateral mediastinal, 
and ipsilateral and contralateral supraclavicular lymph nodes) and extensive disease 
(any disease at sites beyond the definition of liInited disease). However, for almost 
30% of small-cell lung tumours the stage was unknown. 
In this survey we analysed the prevalence of co-morbidity for lung cancel' patients 
according to gender, age «70 and 270 years), mOlphology and tumour stage. The 
association between co-morbidity and treatment was also analysed, according to age, 
histology and stage of disease. Differences in the prevalence of co-morbidity for the 
subgroups were tested with the X2 test. We estimated the age-adjusted effects of co
morbidity on treatment by use of the logistic regression model. 
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Results 

Prevalence of co-morbidity 

Between 1993 and 1995, 3864 lung cancer patients were diagnosed (3183 men and 
681 women), whereas 3551 serious concomitant conditions in 2258 patients were 
recorded; 34% of patients did not have a concomitant disease and the existence of 
other diseases was unknown in 8% of cases. The mean age of patients was 67 years 
(range: 29-93). 

Table 2 Number of concomitant diseases per patient, according to age. 

Number of concomitant diseases 
None (%) 
1(%) 
2(%) 
<03(%) 
Unknown (%) 
Number of patients 

Age (years) 
<70 
40 
34 
13 
5 
8 
2331 

70-99 
24 
36 
22 
II 
7 
1533 

The prevalence of co-morbidity for lung cancer patients of 70 years or older (69%) 
was higher than for younger patients (52%) (P=O.OOI) (table 2). Figure I shows the 
prevalence of co-morbidi!» for lung cancer patients according to gender and age. The 
most frequent concomitant disease was cardiovascular disease (23%), followed by 
COPD (22%), other malignancies (15%), hypertension (12%) and diabetes mellitus 
(7%). Most of the other malignancies were cancers of the respiratory tract (36%); other 
frequently occurring malignancies were cancers of the urogenital (27%) and digestive 
(13%) tract and the breast in women (20%). The prevalence of co-morbidity was 8% 
higher for men than for women (P=O.OOI) (figure I). For patients younger than 70 
years of age, the prevalence of cardiovascular diseases was 12% lower for women than 
for men. For women of 70 years and older the prevalences of COPD and 
cardiovascular diseases were almost 10% lower than for men; in contrast the 
prevalences of hypertension and diabetes were almost 10% higher. The most frequent 
combinations of diseases were COPD and cardiovascular diseases (17%), COPD and 
other malignancies (13%), and COPD and hypertension (11%). 
The prevalence of concomitant diseases, especially COPD, was lower for patients with 
adenocarcinoma, large-cell undifferentiated carcinoma or small-cell carcinoma (about 
52%) than for those with squamous cell carcinoma of the lung (64%) (table 3) 
(P=O.OOI). 
The prevalence rates for COPD (P=O.OOl), cardiovascular diseases (P=0.02) and other 
malignancies (P=0.002) were higher for patients with localized non-small-cell lung 
cancer than for those with non-localized disease. For patients with small-cell lung 
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cancer the prevalence of COPD (P=O.05) was higher among those with limited than 
those with extensive disease. The prevalence of co-morbidity, especially COPD and 
other malignancies, was also high in patients with unknown stage of disease (table 4). 

Figure 1 Age-specific prevalence of concomitant diseases for men alld women. 
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Treatmellt 
The resection rate for patients with localized (clinical stage I or II) non-small-cellillng 

cancer decreased with an increasing number of concomitant diseases from 94% to 70% 
for patients younger than 70 years of age (P=O.OOI) and from 63% to 49% for older 

patients (P=OA). The resection rate was especially low for younger patients with 

COPD (only 67%, P=O.OOI) or diabetes (64%, P=O.OOI). In contrast, the proportion 
patients who received radiotherapy increased with the rising number of concomitant 
diseases from 4% to 18% for younger and from 20% to 37% for older patients (figure 

2a). The age-adjusted effect of co-morbidity on surgery of localized non-small-cell 

lung cancer was evaluated by use of a multivariate logistic regression model. Both age 
and co-morbidity were independently associated with surgery (P for age was 0.000 I 

and P for the presence of co-morbidity was 0.002). Treatment choice for patients with 

non-localized non-small-cell lung cancer did not differ with the presence of co
morbidity (figure 2b). We also analysed the influence of co-morbidity on the extent of 
staging, according to age, within the group 'localized' and 'non-localized' nOIl-smal1-
cell lung tumours. The extent of staging, being clearly lower in the elderly, was not 

influenced by the presence of co-morbidity (data not shown). 
The proportion of patients with small-cell lung cancer receiving chemotherapy did not 
differ with the number of concomitant diseases for patients younger than 70 years of 
age. However, there was a slight, but not significant. decrease among older patients 

(from 73% for those without co-morbidity to 63% for those with at least 2 concomitant 

conditions) (P=0.2) (figure 2c). In the multivariate logistic regression model, only age 

was independently associated with chemotherapy for small-cell lung cancer (P=O.OOOI 
for age and P=0.25 for co-morbidity). 

Table 3 Proportional distribution of co-morbidity 
, 

ill 11lllg paliellls, cancer 
according to histological type alld age. 

Squamous-cell Adenocarcinoma Large-celluodiff. Small-cell 
Age (yrs) <70 ;'70 <70 ;'70 <70 ;'70 <70 ;'70 
Co-morbidity % % % % % % % % 

N~852 N~681 N~391 N=148 N=347 N=198 N=435 N=232 
COPD 23 31 17 23 14 24 14 22 
Cardiovascular 20 30 17 29 16 28 20 28 
Cerebrovascular 3 7 2 6 3 5 3 6 
Other malignancy 14 19 12 IS 15 17 9 14 
Hypertension II 13 10 19 9 11 II 13 
Diabetes mellitus 7 9 3 11 3 7 7 8 
Other 7 11 7 11 7 9 7 9 

None 34 19 40 24 43 27 39 30 
Unknown 7 6 II 5 8 10 9 6 
• more per patient, total> I 00% 
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Figllre 2 Choice of therapy for patiellts with IUllg callcer, according to number of 

concomitant diseases and age. 
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Discussion 

The most common concomitant diseases among patients with lung cancer were 
cardiovascular diseases, COPD, other malignancies, hypertension and diabetes 
mellitus; the prevalences were the highest for men, patients with squamous cell 
carcinoma and those with a localized tumour. As expected, the prevalence increased 
with age. The resection rate for patients with a localized non-small-ccll lung tumour 
decreased with an increasing number of concomitant diseases, whereas the percentage 

undergoing radiotherapy increased, especially for patients younger than 70 years. For 
patients with small-cell lung cancer, chemotherapy decreased slightly with the number 
of co-morbid conditions, but only for patients over 70 years of age. 

Table 4 Proportional distribution of co-morbidity·, according 10 stage. 
Non-small-cell carcinoma Small-cell carcinoma 

Stage Localized Non-localized Unknown Limited Extensive Unknown 
Co-morbidity % % % % % % 

N-1006 N-1380 N_231 N-268 N-254 N-145 
COPD 28 18 33 20 13 19 
Cardiovascular 26 20 21 23 23 21 
Cerebrovascular 4 3 6 4 3 6 
Other malignancy 18 13 19 9 8 16 
Hypertension 13 10 13 II 13 10 
Diabetes mellitus 7 6 8 8 5 9 
Other 

9 7 12 10 6 6 
None 26 37 19 37 40 27 
Unknown 6 8 10 5 9 12 
*more per patient, total> I 00% 

Prevalence of co-morbidity 
Comparison of prevalences of chronic diseases is full of biases due to selection, 
detection and classification. We compared our population-based prevalences with 
those obtained by population-bascd screening and case finding. In the general 
popUlation, the prevalences of cerebrovascular diseases, diabetes mellitus and 
dcrnentia increased with age,13.17 as was also found in our study. In Dutch general 

practices, 19.5% of those aged 65 and older have one, 3.2% have two and 0.3% have 
three chronic diseases. IS As expecled, the prevalence of smoking-related diseases, slich 

as cardiovascular and chronic pulmonary diseases, for lung cancer patients in our 
study was higher Ihan that for palients with other tumours and in general practices. 18

•
19 

The fact that smoking is by far the 111os1 imporlant risk factor for lung cancer 1110St 
likely explains the high prevalence of other smoking-related diseases, such as COPD, 
cardiovascular diseases and malignancies of the respiratory, urogenital and digestive 
traet. 20 The higher prevalence of these diseases among men (the same as was found in 
a study by Havlik et al.)19 and patients with squamous cell carcinoma, supports this 
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hypothesis because thesc two groups contain the highest proportions of smokers?I.22 

The fact that the diet of smokers usually contains more sugar and saturated fat and less 
fruit and fibre than that of non-smokers may play a rolc in the high prevalence of 
cardiovascular diseases and diabetes among lung cancer patients.23 

The relationship between stage of discase and co-morbidity may be subject to 
confounding (by age), detection bias and ascertainment bias. In the elderly group, both 
the proportion with unknown stage of disease and the occurrence of eo-morbidity arc 
higher. However, the association between stage of disease and eo-morbidity persisted 
after adjustment for age. Detection bias can affect diagnosis in different ways: on the 
one hand, patients with another disease which produces symptoms similar to those of 
lung cancer may be diagnosed in a more advanced stage of their lung cancer because 
the symptoms of lung cancer are overshadowed ('camouflage' bias)?4 On thc other 
hand, lung cancer patients may be diagnosed in an earlier stage as a result of regular 
survcillance of other clnunic diseases (screening bias). For our patients, the latter 
seems to prevail, because those with localized lung cancer suffered more co-morbidity. 
The data on co-morbidity may also be subject to ascertainment bias: for (older) 
patients with advanced disease the assessment of co-morbidity by chest physicians 
may not be optimum and more information on co-morbidity may be recorded for 
resectable patients because of the required pre-operative examination. However, since 
the Eindhoven Cancer Registry only records serious, clinically relevant concomitant 
diseases which are listed in the clinical records, this will play only a minor role. The 
high prevalence of co-morbidity among patients with an unknown stage of disease 
(table 4) may point to the fact that co-morbidity leads to less accurate staging. The 
relationship between stage of disease and co-morbidity differed between the various 
diseases, suggesting different mechanisms; e.g. the prevalence of COPD is more likely 
to be subject to 'camouflage' bias than that of diabetes. For breast cancer patients with 
localized disease the prcvalence of co-morbidity was also higher than for those with 
non-localized disease.6 

Treatment 
Surgery offers the best chance of cure for patients with localized non-small-cell lung 
tumours. However, given the potential for serious, especially cardiorespiratory 
complications of lung surgery,"·28 the lower resection rate for patients with a localized 
non-small-cell lung tumour and serious co-morbidity is not surprising. In previous 
studies, cancer patients with higher levels of co-morbidity were treated less 
aggressively than those with lower levels, independent of age and stage of disease?·5 
However, age alone appeared to be a more important factor in influencing treatment 

choice than co-morbidity (figure 2), which is probably related to the higher 
postoperative mortality in the elderly.'6 In the United Kingdom the lower resection 

. rate in the elderly could not be explained by pelformance status at presentation.'9 The 
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proportion elderly patients with small-cell lung cancer receiving chemotherapy was 
also slightly lower, although not significantly. However, the dosis of chemotherapy 
was probably also lower in case of co-morbidity. In two other studies, no relationship 
was found between co-morbidity and treatment for small-cell lung cancer.3D

.3! 

Furthermore, when doxorubicin was administered to small-cell lung cancer patients 
with cardiac disease it appeared to have no influence on cardiac arrhythmias." For 
patients with breast or endometrial cancer, the number of concomitant diseases was 
closely associated with an increased risk for death after adjustments for age, stage of 
disease and type of treatment.6

•
Jl However, there was no difference in survival rates for 

lung cancer patients in Finland between those with and without bronchial asthma after 
adjustment for differences in histology and stage.34 

COIlc/usioll 

The prevalence of co-morbidity, especially cardiovascular diseases and COPD, among 
lung cancer patients is about twice as high as in the general population. Co-morbidity 
is associated with earlier diagnosis of lung cancer, but it may also lead to less accurate 
staging and less aggressive treatment. Thus, prognosis is likely to be negatively 
influenced by co-morbidity. 
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Chapter 5. Trends in incidence and survival within Europe 

S.1 Trends in incidence and survival of histological subtypes of lung 
cancer in European cancer registries, 1978-1992 



I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



Trends ill incidence and sun/ivai within Europe 95 

5.1 Trends in incidence and survival of histological subtypes of lung 
cancer in European cancer registries, 1978-1992 

Abstract 

Trends in the incidence and survival of the histological subtypes of lung cancer were 
studied in Europe, especially in order to determine international variations and changes 

in incidence and survival rates over time. 
Wc used data of lung cancer patients diagnosed between 1978 and 1992 in eleven 
cancer registries with a high proportion of histologically verified cases (N=141,480). 
These registries werc selected from the EUROCIM and Eurocare databases. 
Incidence rates of squamous cell carcinoma for men in northern Europe have been 
decreasing since the mid-1980s, while that of adenocarcinoma has been increasing. 
The incidence rates for men in southern and eastern Europe and for women have been 
increasing for every histological subtype. One-year survival rates for patients with 
small-cell carcinoma increased in Denmm'k and the Netherlands, probably due to the 
introduction of chemotherapy in the 1970s. For patients with non-small-cell carcinoma 
one-year survival remained approximately constant in most regions, but varied from 
25% in Denmark and England to over 40% in Finland, France and the Netherlands. 
Howcver, survival of squamous cell carcinoma decreased slightly in Finland and 
France, and survival of adenocarcinoma decreased in Finland and the Netherlands. 
Geographical variations in incidencc rates of lung cancer can be largely explained by 
differences in past smoking behaviour and variations in survival rates can be largely 
cxplained by differences in access to specialized care. The increase in the incidence of 
adenocarcinoma, which in previous studies was associated with the increased use of 
low-tar filter cigarettes, may be worrying, because survival for these patients has also 
been decreasing in some regions. 
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Introdnction 

Lung cancer is often classified as small-cell lung cancer and non-small-cell lung 
cancer. The latter group contains squamous cell carcinomas, adenocarcinomas, large
cell undifferentiated carcinomas and some rare subtypes such as adenosquamous cell 
carcinoma, adenoid cystic carcinoma and mucoepidermoid carcinoma. I In Italy, the 
Netherlands and Switzerland a proportional increase in the incidence of 
adenocarcinoma was found.2

-
4 Overall survival for lung cancer in European cancer 

registries has not improved between 1978 and 1985.' However, there have been 
divergent trends for the histological subtypes of lung cancer. In previous studies an 
improvement was found for survival of small-cell carcinoma since the introduction of 
chemotherapy in the 1970s,6-9 while survival of non-smaIl-cell carcinoma had 
remained approximately constant. IO

-
12 In the southeastern part of the Netherlands 

substantial variations were found for trends in survival of the histological subtypes of 
non-smaIl-cell lung cancer: survival of adenocarcinoma decreased markedly since the 
1970s, while survival of squamous cell carcinoma increased slightly and that of large
cell undifferentiated carcinoma remained approximately constant. II In this study 
variations in the incidence and survival of the histological subtypes of lung cancer and 
trends therein were studied in European cancer registries. We discussed if the trends 
were associated with changes in smoking behaviour, detection, classification or 

treatment. 

Patients and methods 

We used data of patients diagnosed with lung cancer between 1978 and 1992 and 
recorded in eleven European population-based cancer registries. Registries were 
selected from the EUROCARE database (a concerted action among European cancer 
registries)' on the basis of: (1) data of at least two periods of 5 years and (2) a 
substantial proportion of histological verification of diagnoses (>75%). The selected 
cancer registries are shown in table I. For Yorkshire only data of patients younger than 
65 years were used, because the percentage histologically verified cases among the 
elderly was too low. For international comparison and for comparison with clinical 
studies, cases incidentally discovered at autopsy were excluded, as were those known 
to registries from the death-certificate-only (DCO). In case of multiple metachronous 
tumours, only the first-diagnosed tumour was included for survival analysis. 
Small-cell lung tumours were classified as ICD (international classification of 
diseases) -codes 8040-8043. Non-smaIl-cell lung tumours comprised squamous cell 
carcinoma (ICD 8070-8080), adenocarcinoma (rCD 8140, 8230, 8250, 8260, 8480, 
8481, 8550), large-cell undifferentiated carcinoma (ICD 8012, 8020, 8021, 8030, 
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8031, 8310), and some rare subtypes such as adenosguamous cell carcinoma (ICD 
8560), adenoid cystic carcinoma (ICD 8200) and mucoepidermoid carcinoma (ICD 
8430), according to the WHO classification.' 
Incidence rates were derived from the EUROCIM (European cancer incidence and 
mortality) database and were computed per 100,000 person-years, according to gender, 
histological subtype and period of diagnosis. Age-adjustment was performed by direct 
standardization according to the World Standard Population (WSR: World 
Standardized Rate).l3 
We calculated clUde I-year survival rates using the life table method. The standard 
errors of survival rates were calculated according to Greenwood's formula. '4 Survival 
rates for patients diagnosed in the registry areas were computed according to 
histological subtype for the periods 1978-82, 1983-87, 1988-92. For patients 
diagnosed between 1985 and 1989 comparisons between countries were presented in 
terms of age-adjusted relative survival, computed by the direct method; the population 
of cases from the whole set of data was used as a standard.5 

Table I Selected cancer registries. 
% histological verification* 
age (years) 

Available years %DCO N all <65 65-99 
Calvados (France) 1978-1989 N.A.h 2084 90 94 87 
Doubs (France) 1978-1992 N.A.' 2312 87 94 83 
Denmark 1978-1992 1 43,969 97 98 96 
Eindhoven (The Netherlands) 1978-1992 N.A.' 6849 94 97 92 
Finland 1978-1992 2 30,944 73 84 66 
Geneva (Switzerland) 1978-1989 1 2068 97 99 95 
Slovenia 1985-1992 5 5810 94 97 88 
South-Sweden 1978-1992 N.A.' 7092 98 99 97 
Tarragona (Spain) 1985-1992 6 1382 85 92 80 
Varesc (lIa1y) 1978-1987 4 4263 79 87 70 
Yorkshire (United Kingdom) 1978-1990 7 34,707 66 75 60 
* death certificates only (DCO) excluded 
11 not available 

Results 

incidellce 
Between 1978 and 1992 141,480 lung cancer patients were diagnosed: 80,071 with a 
non-small-cell tumour (56%), 21,514 with a small-cell tumour (15%), 10,594 with 
anothcr lung tumour (7%) and 29,301 with a clinically diagnosed tumour (21 %). 
Among the patients with non-small-cell carcinoma 44,895 (56%) had squamous cell 
carcinoma, 21,659 (27%) adenocarcinoma, 12,750 (16%) large-cell undifferentiated 

. carcinoma and 767 (I %) another non-small-cell lung tumour. 
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Table 2 

Denmark 

Finland 

France 

Italy 

Netherlands 

Slovenia 

Spain 

Sweden 

Chapt~r 5 

Trends ill age-standardized incidence rates (WSR), according to gender, 
cancer registl}' and histological subtype, 1978-92. 
SOllrce' EUROCIM 

WSR(men) WSR(women) 
1978-82 1983-87 1988-92 1978-82 1983-87 1988-92 

Non-small-ceH 34 36 32 10.1 13.9 15.3 
Squamous cell 21 20 17 3.4 4.4 4.5 
Adenocarcinoma 8 II II 5.0 7.6 8.6 
Large-cell undiff. 5 5 4 1.8 2.0 2.1 
Small-cell 10 11 10 3.2 5.0 5.5 
Alliwes 58 58 52 17 23 25.4 
Non-small-cell 40 37 29 4.1 4.7 4.4 
Squamous cell 23 23 18 l.l 1.6 1.3 
Adenocarcinoma 7 8 7 2.0 2.3 2.5 
Large-cell undiff. 10 6 4 1.0 0.8 0.6 
Small-cell 11 11 9 1.0 1.4 1.5 
Alllypes 72 64 53 6.7 7.8 8.0 
Non-small-cell 34 37 41 1.9 2.5 3.9 
Squamous cell 26 28 28 0.7 l.l 1.7 
Adenocarcinoma 4 5 8 0.8 1.1 1.9 
Large-cell uodiff. 4 4 5 0.4 0.3 0.3 
Small-cell 6 8 8 0.2 0.8 0.9 
Alllypes 49 50 53 3.0 4.0 5.4 
Non-small-cell 45 52 53 2.9 4.5 4.9 
Squamous cell 32 35 31 l.l 1.4 1.6 
Adenocarcinoma 9 13 18 1.7 2.5 2.8 
Large-cell uodiff. 4 4 4 0.2 0.6 0.4 
Small-cell 7 11 11 0.5 1.3 1.1 
Alllypes 81 83 80 5.9 8.3 7.9 
Non-small-cell 69 66 57 3.6 5.6 6.3 
Squamous cell 55 47 40 1.6 2.5 2.4 
Adenocarcinoma 7 13 II 1.5 2.3 2.6 
Large-cell undiff. 7 6 7 0.5 0.9 1.3 
Small-cell 17 15 14 1.4 1.7 3.4 
Alllypes 94 87 81 5.7 7.9 11.5 
Non-small-cell 39 43 4.2 5.8 
Squamous cell 24 25 0.9 1.3 
Adenocarcinoma 8 10 2.7 3.4 
Large-cell undiff. 7 8 0.6 l.l 
Small-cell 11 11 1.5 1.7 
AlIl'ypes 59 65 7.2 9.2 
Non-small-een 13 22 26 0.5 1.5 2.2 
Squamous cell 9 16 17 0 0.6 0.3 
Adenocarcinoma 2 3 6 0.4 0.8 1.7 
Large-cell undiff. 2 2 3 0.1 0.1 0.3 
Small-cell 4 7 9 0.2' 0.2 0.2 
Alllypes 31 39 43 3.0 2.7 3.1 
Non-small·cell 27' 26 22 7.4' 8.8 9.3 
Squamous cell 10 10 9 1.5 1.6 1.8 
Adenocarcinoma 4 6 6 2.6 3.3 4.6 
Large-cell undiff. 12' 9 6 2.8* 3.6 2.6 
Small-cell - 2 6 - 0.9 2.5 
Alllypes 27 28 29 7.6 10.1 12.3 
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Table 2 (continued) 
WSR (mclI) '''SR ("romen) 
1978-82 1983-87 1988-92 1978-82 1983-87 1988-92 

Switzerland Non-small-cell 55 46 39 7.0 11 8.5 
Squamous cell 38 28 22 2.8 4.1 2.6 
Adenocarcinoma 13 13 13 3.9 5.8 5.0 
Large-cell undiff. 4 4 3 0.4 l.l 0.9 
Small-cell 10 11 8 1.9 2.3 3.5 
All t)1Jes 71 61 54 10.4 14.8 14.3 

UK Non-small-cell 31 31 8.6 10.8 
Squamous cell 23 21 5.2 6.1 
Adenocarcinoma 4 6 2.3 3.1 
Large-cell undiff. 4 4 1.2 1.6 
Small-cell 7 8 4.0 4.5 
All types 71 64 22.8 24.9 

* . mcludes small-cell lung cancer 

European male lung cancer incidence ratcs in the selected cancer registries between 
1978 and 1992 were highest (>75 per 100.000 person-years) in the Netherlands 
(Eindhoven) and Italy (Varese). moderate (50-74 per 100.000) in Denmark, Finland, 
France (Calvados and Doubs), Slovenia, Switzerland (Geneva) and the United 
Kingdom (Yorkshire), and low «50 per 100,000) in Spain (Tarragona) and Sweden 
(south). Among women lung cancer incidence rates were high (>20 per 100,000) in 
Denmark and the United Kingdom, moderate (10-19 per 100,000) in Sweden and 
Switzerland, and low (<10 per 100,000) in Finland, France, Italy, the Netherlands, 
Slovenia and Spain. Age-standardized incidence rates for lung cancer have changed 
markedly in the past two decades (table 2). In northern Europe the incidence rate 
among men has been decreasing since the mid-1980s, while in southern and eastern 
European countries the peak in incidence rates among men was not reached in the 
beginning of the 1990s. Among women lung cancer incidence (being 5-10 times lower 
than among men) is still nn the rise in most countries, except for Italy and Switzerland, 
where a plateau was reached in 1983-87. In most countries with declining incidence 
rates of lung cancer, the incidence rate of adenocarcinoma among men increased. 

SUl1l ival 
Age-standardized relative I-year survival rates for patients with lung cancer diagnosed 
between 1985 and 1989 were highest in Finland, France, the Netherlands and 
Switzerland (about 40%), and lowest in Denmark and the United Kingdom (about 
20%). One-year survival rates for all cancer registries combined remained 29% (36% 
for non-smaIl-cell carcinoma and 22% for small-cell carcinoma). Table 3 shows that 
overall I-year survival rates remained constant in all regions, except for Finland, 
where survival decreased since 1988 and for Switzerland (a slight increase). The same 
trends were found for patients with nOll-smail cell cancer. However, the prognosis for 
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patients with squamous cell carcinoma increased slightly in the Netherlands, Slovenia 
and Switzerland, remained constant in Denmark, Italy and the United Kingdom, but 
decreased in Finland and France. The prognosis for patients with adenocarcinoma 

remained approximately constant in most regions, but decreased in Finland and the 
Netherlands. The prognosis for patients with large-cell undifferentiated carcinoma has 

remained more or less constant, except for a decrease in France and Italy and an 
increase in Denmark and the United Kingdom. Survival for patients with small-cell 
earcino"ma has been increasing Denmark, France and the Netherlands, but has 
remained approximately constant in the other regions. 

Table 3 Trends ill i-year sl/Ivival (%) alld stalldard erl'Or (SE) of histological 

subtypes of lung callcer. 
(I) all types, JIOIl-small-ce III II III WIR cancer WIR callcer, sma -ce 

All histological types Non-small-cell carcinoma 
1978-82 1983-87 1988-92 1978-82 1983-87 1988-92 

Reoistrv % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) 
Denmark 22 (004) 22 (0.3) 22 (0.3) 25 (0.5) 25 (0.5) 25 (0.5) 
Finland 37 (0.5) 38 (0.5) 33 (0.5) 43 (I) 45 (I) 40 (I) 
France 35 (1) 35 (I) 34 (2) 38 (2) 38 (I) 34 (2) 
Italy 28 (I) 30 (I) 34 (I) 34 (I) 
Netherlands 35 (I) 37 (I) 37 (I) 40 (1) 41 (1) 41 (I) 
Slovenia 27 (I) 29 (I) 31 (I) 32 (1) 
Sweden 29 (I) 29 (1) 30 (I) 29 (1)@ 30 (1) 31 (I) 
Switzerland 34 (2) 37 (2) 38 (3) 33 (2) 38 (2) 39 (3) 
UK* 22 (I) 25 (1) 24 (1) 32 (I) 34 (I) 31 (I) 

b) histolOfdcal subtypes ofllolf-smoll-cell lW11! cancer 
Squamous cell carcinoma 
1978-82 1983-87 1988-92 

Registry % (SE) % (SE) % (SE) 
Denmark 30 (I) 28 (I) 28 (1) 
Finland 50 (I) 50 (I) 44 (1) 
France 44 (2) 42 (2) 35 (3) 
Italy 38 (2) 37 (2) 
Netherlands 41 (I) 44 (2) 45 (2) 
Slovenia 34 (2) 37 (1) 
Sweden 36 (2) 36 (2) 33 (2) 
Switzerland 35 (2) 41 (3) 43 (4) 
UK* 36 (I) 36 (I) 33 (2) 
'«only pattents younger than 65 years of age 
~ includes srnaU-celllung cancer 

Discussion 

Adenocarcinoma 
1978-82 1983-87 1988-92 
% (SE) % (SE) % (SE) 
24 (1) 23 (1) 24 (I) 
44 (2) 45 (I) 39 (I) 
37 (4) 31 (4) 42 (5) 
27 (3) 30 (3) 
44 (4) 40 (3) 38 (3) 

29 (2) 26 (2) 
33 (2) 34 (2) 35 (2) 
34 (4) 37 (3) 36 (5) 
30 (3) 36 (2) 31 (3) 

Small-cell carcinoma 
1978-82 1983-87 1988-92 
% (SE) % (SE) % (SE) 
17 (I) 21 (I) 22 (I) 
26 (I) 24 (I) 23 (I) 
27 (3) 27 (4) 32 (4) 
25 (3) 26 (2) 
17 (2) 26 (2) 24 (2) 

25 (2) 26 (2) 
- 21 (3) 25 (2) 
29 (4) 26 (4) -
16 (I) 18 (1) 17 (2) 

Large-cell undifferentiated 
1978-82 1983-87 1988-92 
% (SE) % (SE) % (SE) 
12 (I) 13 (1) 17 (1) 
29 (1) 30 (I) 26 (2) 
23 (3) 25 (3) 18 (3) 
25 (4) 17 (3) 
24 (3) 29 (4) 24 (3) 

24 (3) 26 (2) 
21 (2)@ 22 (2) 23 (2) 
18 (5) 25 (5) -
15 (2) 17 (3) 23 (3) 

We analysed the Irends in the incidence and survival of the histological subtypes of 
lung cancer in 11 European cancer registries between 1978 and 1992. Incidence rates 

for men in norlhern Europe have been decreasing since Ihe mid-1980s, but the peak in 



Trends ill incidence and slln1ival with ill Europe 101 

rates for men in southern and eastern Europe and for women was not reached in the 
beginning of the 1990s. While the incidence of squamous cell carcinoma among men 
in northern Europe has been decreasing, that of adenocarcinoma has been increasing. 
Among women the incidence rate increased for every histological subtype. Prognosis 
for patients with lung cancer was best in Finland, France, the Netherlands and 
Switzerland and worst in Denmark and the United Kingdom. One-year survival rates 
for patients with small-cell carcinoma increas~d in Denmark, France and the 
Netherlands. For patients with squamous cell carcinoma one-year survival increased 
slightly in the Netherlands, Slovenia and Switzerland, but decreased in Finland and 
France. The survival rates for patients with adenocarcinoma remained stable in most 
cancer registries, but decreased in Finland and the Netherlands. 

Since smoking is the major risk factor for lung cancer,15 trends in the incidence can be 
largely explained by trends in past smoking behaviour. The percentage of male 
smokers has been very high in the Netherlands (95% in 1960), which has resulted in a 
very high lung cancer incidence rate among males in the 1980s? In contrast, both the 
percentage of smokers and the lung cancer incidence rate among Swedish men have 
been very low. 16 The percentage of female smokers has always been lower than that of 
male smokers,17 thus the incidence of lung cancer among women has also been lower 
than among men. The incidence of lung cancer among women was relatively high in 
Denmark and Yorkshire, where the percentage of female smokers has been high. 17,18 
The decrease in the percentage of male smokers since the 1960s in most northern 
European countries has resulted in a decrease in incidence since the 1980s. Since the 
percentage of smokers in southern and eastern Europe and among women in most 
European countries has been increasing until the 19805,17 the peaks in incidence were 
still not reached at the early 1990s. 
Since smoking is more closely associated with squamous cell carcinoma and small-cell 
carcinoma than adenocarcinoma and large-cell undifferentiated carcinoma,19-20 the 

decrease in incidence rates since the 1980s has mainly occurred in squamous cell 
carcinoma and small-cell carcinoma. Several authors have suggested that the increase 
in the incidence of adenocarcinoma is related to the increased use of low-tar filter 
cigarettes. 19,21-24 Filter use could result in taking larger puffs and retaining smoke 
longer to compensate for the lower nicotine yield. This may have increased the 
incidence of adenocarcinoma, which often develops in the peripheral lung zones. 
Silloking low-tar filter cigarettes may also increase the risk for adenocarcinoma 
because of the higher nitrate content." Since Thun and colleagues found that the rise 
in adenocarcinoma only occurred in smokers,23 the increased use of low-tar filter 
cigarettes seems a plausible explanation. The increase in the incidence of 
adenocarcinoma was also found in the United States,23,26,27 where adenocarcinoma is 

. now the leading histological type of lung cancer among both males and females. This 
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is probably due to the higher proportion of low-tar filter cigarette smokers in the 
United States compared with Europe."·29 

There were considerable variations in prognosis for patients with lung cancer in 
Europe. Age-standardized relative I-year survival rates were highest in Finland, 
France, the Netherlands and Switzerland (about 40%) and lowest in Denmark and the 
United Kingdom (about 20%).5 Variations in survival rates could, in theory, be caused 
by differences in registration-procedures, but this probably did not play an important 
role. Firstly, the comparability of data was checked in the Eurocare study, secondly, 
patients known to registries from the death-certificate-only (DCO) were excluded and 
thirdly, survival rates in Denmark and Finland differed markedly, despite equally 
reliable registration-procedures. Variations in survival can probably be explained by 
differences in access to specialized care (medically, financially and geographically); 
this may explain the poor survival rates in the United Kingdom, where the number of 
consultants and the percentage patients receiving curative treatment is lower than in 
most other European countries.30

-
32 

Overall I-year survival remained approximately constant in every region, except for 
Finland, where the survival for all histological subtypes has been decreasing since 
1988. We were not able to explain this decrease in survival. The improved survival for 
patients with small-cell carcinoma in Denmark, France and the Netherlands was 
probably due to the introduction of chemotherapy in the 1970s. In 1987 the percentage 
of patients with small-cell lung cancer receiving chemotherapy varied between 50% 
(United Kingdom) and 70% (the Netherlands).32 Survival for patients with squamous 
cell carcinoma increased in the Netherlands, Slovenia and Switzerland, probably due 
to the improvement in detection and treatment. The observed decrease in survival for 
patients with squamous cell carcinoma in France may be explained by a shift of large
cell undifferentiated carcinomas - with a lower survival rate - to the group of 
squamous cell carcinomas. The inter-observer reproducibility of large-cell 
undifferentiated carcinoma is rather low and it can be reclassified as squamous cell 
carcinoma or adenocarcinoma in 10-30% of all cases.33

.
35

• This should have caused a 
decrease in survival for all three histological groups. The latter was not found in this 
study. We are not aware of any other explanation for the decrease in survival of 
squamous cell carcinoma in France. 

The decrease in survival for patients with adenocarcinoma in the Netherlands, was 
probably not due to a change in classification." In the southeastern part of the 
Netherlands adenocarcinoma was diagnosed in a more advanced stage in the recent 
years, despite good access to medical care." We wondered if the decrease in survival 
could be explained by the increased preference for low-tar filter cigarettes since the 
1960s, because of the deeper penetration of carcinogens in the peripheral lung zones. 
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Conclusion: Geographical variations in incidence rates of lung cancer can be largely 
explained by differences in past smoking behaviour and variations in survival rates can 
be largely explained by differences in access to specialized care. The increase in the 
incidence of adenocarcinoma, which in previous studies was associated with the 
increased use of low-tar filter cigarettes, may be worrying, because survival for these 
patients has also been decreasing in some regions. 
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6.1 Increased but low incidence and poor survival of malignant 
mesothelioma in the southeastern part of the Netherlands since 
1970: a population-based study 

Background 

Malignant mesothelioma represents only 0.5% of all cancers in the Netherlands, but 
mortality has increased markedly since 1970.' The major risk factor is exposure to 
asbestos; the association was first noted in 1960 in South Africa2 and confirmed in the 
Netherlands in 1971.3 The latency time is usually 30-40 years: Changes in the 
incidence and survival rates for malignant mesothelioma since 1970 in the 
southeastern pm·t of the Netherlands, an area with presumably limited exposure to 
asbestos, were investigated. 

Patients and methods 

Data of the Eindhoven Cancer Registry, which has collected data on patients with 
newly diagnosed cancer since 1955 in the southeastern part of the Netherlands, were 
used. Only since the 1960s has mesothelioma been considered a mOll'hological entity. 
About sixty percent of all histological specimens of (suspected) mesothelioma have 
been reviewed by two or three experts of the Netherlands Mesothelioma Panel since 
1969. Age-specific (according to 15-year age groups) and age-adjusted (ESR: 
European Standardized Rate) incidence rates were computed per one million person
years, according to sex, tumour site and 5-year periods of diagnosis. The ESR for the 
southeastern part of the Netherlands was compared to that found in other European 
areas using data from the European Cancer Incidence and Mortality (EUROCIM) 
database. 
There was a combination of passive and active follow-up of all patients diagnosed up 
to 31 December 1992. The latest follow-up to determine vital status by the municipal 
population administrations occurred on 1 April 1994. Relative survival was calculated 
as the ratio of observed to expected actuarial rates. Expected survival rates were 
calculated frolll life tables for regional male and female populations (supplied by 
Statistics Netherlands), compiled according to 5-year age groups and year of 
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diagnosis. The risk of death due to lung cancer was estimated using a program from 
the Finnish Cancer Registry.' The standard errors of survival rates were calculated 
according to Greenwoodts formula. 6 Patients who were diagnosed at autopsy or died 

within the first month of diagnosis were excluded from the survival analysis (N=6, 
5%). 

Results 

Bctween 1970 and 1994 136 patients with malignant mesothelioma were diagnosed: 
108 (79%) men and 28 (21 %) women. Most of the mesotheliomas occurred in the 
pleura (N=119, 88%) versus 15 (11%) in the peritoneum and 2 in the tunica vaginalis 
testis. The incidence rates for malignant pleural mesothelioma have increased twofold 
sincc 1975, while those for peritoneal mesothelioma remained constant (table). 
Compared to other European cancer registries the incidence of mesothelioma in the 
southeastern part of the Netherlands in the late 1980s was fairly low (figure). The 
incidence rates for mesothelioma in Rotterdam (the southwestern part of the 
Netherlands including Walcheren Island), Western Scotland and Hamburg (the 
northern part of Germany) were extremely high. 
Survival rates for mesothelioma were poor. Six patients (5%) were diagnosed at 
autopsy or died within one month of diagnosis. Between 1970 and 1992 the overall 
relative 0.5-, 1- and 3-year survival rates remained constant at 68%, 42% and 8%, 
respectively. There was no significant difference between men and women. Survival 
for peritoneal mesothelioma (79% alive at I year, standard error 28%) seemed better 
than for pleural mesothelioma (38% alive at I year, standard error 10%). None of the 
patients survived longer than five years after diagnosis. 

Table Tre1lds ill age-specific alld age-adjusted (ESR) incidellce, per one millioll 
persoll~)'ears. 

tHen age (years) pleural peritoneal 
period N 30-44 45-59 60-74 75 + ESR ESR 
t970-74 6 7 26 2.9 1.5 
t975-79 17 24 44 39 10.2 
1980-84 14 5 10 49 6.8 0.6 
1985-89 26 7 31 35 46 11.2 1.5 
1990-94 45 2 37 84 143 19.3 2.0 

lVomen 
1970-74 1 0.9 
1975-79 I 2 0.5 
1980-84 6 4 5 12 2.4 0.5 
1985-89 8 2 5 7 25 3.3 
1990-94 12 2 7 27 8 3.8 0.12 
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Figure Age-standardized incidence rates (ESR) for mesothelioma in Europe 
(1985-89, males). 
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Discussion 

Nowadays, about one out of every 40 patients with cancer of the lower respiratory 
tract in the southeastern part of the Netherlands has a mesothelioma versus one out of 
every 120 patients in the 1970s. Initial misdiagnosis of mesothelioma may have been 
common and was probably attributable to misclassification of adenocarcinoma of the 
lung, breast, ovary, stomach, kidney, or prostate that can metastasize to the pleura.7 

Peritoneal mesotheliomas can be confused with adenocarcinomas arising from any 
abdominal organ. Nonetheless, it is not likely that diagnostic trends explain to any 
large extent the recent increase in recorded rates, because the experts of the 
Netherlands Mesothelioma Panel reviewed a large proportion (±60%) of the 
histological specimens of mesotheliomas collected since 1969. The incidence of 
mesothelioma in the southeastern part of the Netherlands was fairly low compared to 
other cancer registries, because of the presumably limited exposure to asbestos. 
Although low, the incidence rate for pleural mesothelioma for (especially elderly) men 
has increased twofold since 1975. This might be explained by the migration of men 
who were exposed to asbestos while employed in the shipbuilding industry from the 
southwestern to the southeastern part of the Netherlands. 
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The very high incidence rates for the southwestern part of the Netherlands - which 
includes the Walcheren Island and the Rijnmond shipbuilding area _,8 western 

Scotland and the northern part of Germany probably reflect the high exposure to 

asbestos due to shipbuilding. Asbestos remains the predominant cause of pleural, 

peritoneal, and probably epididymal mesothelioma? After legal measures to prevent or 

reduce exposure to asbestos were introduced in the Netherlands, unfortunately not 

until 1977, the import of asbestos decreased dramatically. Given the mean latency time 

of 30-40 years, incidence rates for malignant mesothelioma among Dutch men will 
probably increase until 2015-2020.'0 

Between 1970 and 1992 the prognosis for patients with mesothelioma remained poor, 

being similar to the southwestern part of the Netherlands, the United States and 
Canada. 11 ,12 

Conclusion: in view of the presumably limited exposure to asbestos, the incidence of 

mesothelioma in the southeastern part of the Netherlands will probably remain low, 

despite the increase in the past few decades. 

References 

I. Mcijers JMlvl, Planteydt HT, Siangen 11M, et al. Trend and geographical patterns of pleural 
mesotheliomas in the Netherlands 1970-1987. Br J Ind Med 1990; 47: 775-81. 

2. Wagner le, Sleggs CA, Marchand P. Diffuse pleural mesothelioma and asbestos exposure in the 
North Western Cape Province. Br J Ind .r."lcd 1960; 17: 266-71. 

3. Stumph ius J. Epidemiology of mesothelioma on Walcheren Island. Br J Ind Med 1971; 28: 59-66. 
4. Woitowitz I fJ, Grossgarten K. Pleural mesothelioma: etiology and practical consequences. [in 

German] Pneumologie 1991; 45: 153-8. 
5. Hakulinen T, Abeywickrallla KH. A computer package for relative survival analysis. Computer 

Programmes in Biomedicine 1985; 19: 197-207. 
6. Greenwood M. Reports on Public Health and Medical Subjects No. 33, appendix I: the "errors of 

sampling" of the survivorship tables. London: Her Majesty's Stationary Office, 1926. 
7. Walz R, Koch HK. Malignant pleural mesothelioma: some aspects of epidemiology, differential 

diagnosis and prognosis. Histological and immunohistochemical evaluation and follow-up of 
mesotheliomas diagnosed from 1964 to January 1985. Path Res Pract 1990; 186: 124-34. 

8. Damhuis RAM, van Gelder T. Malignant mesothelioma in the Rotterdam Area, 1987-1989. Eur J 
Cancer 1993; 29A: t478-9. 

9. McDonald AD, McDonald IC. Mesothelioma after crocidolite exposure during gas mask 
manufacture. Environ Res 1978; 17: 340-6. 

10. Burdorf A, Barendregt JJ, Swuste PHJJ, et al. Future increase of the incidence of mesothelioma 
due to occupational exposure to asbestos in the past. [in Dutch] Ned Tijdschr Geneeskd 1997; 
t4 t: 1093-8. 

II. Van Gelder T, Damhuis RAM, Hoogsteden HC. Prognostic factors and survival in malignant 
pleural mesothelioma. Eur Respir J 1994; 7: 1035-8. 

12. Ribak J, Selikoff 11. Survival of asbestos insulation workers with mesothelioma. Br J Ind Med 
t 992; 49: 732-5. 



Incidence and survival of llllCOlJ/lllOJl tumours III 

6.2 Trends in incidence and survival of uncommon lung tnmours 
since 1970: a population-based study in the southeastern part of 
the Netherlands 

Introduction 

The two major histological types of epithelial lung cancer are small-cell cancer and 
non-small-cell cancer. The latter includes squamous cell carcinoma, adenocarcinoma, 
large-cell undifferentiated carcinoma and some rare subtypes such as adenosquamous 
cell carcinoma, adenoid cystic carcinoma and mucoepidermoid carcinoma. The less 
common tumours can be subclassified as mesothelioma (chapter 6.1), carcinoid 
tumours, carcinosarcomas and sarcomas, all clearly different with respect to aetiology 
and prognosis. 
Because they are so rare, uncommon lung tumours are usually described in case series. 
In this study we described and interpreted trends in incidence rates and survival rates 
for uncommon tumours in the southeastern part of the Netherlands between 1970 and 
1994. 

Methods 

For this study data from the Eindhoven Cancer Registry were used. This registry 
started to record data on all cancer patients diagnosed in the eastern part of the Dutch 
province of North-Brabant in 1955; since 1970 the northern part of the adjacent 
province of Limburg is included. It serves an area with I million inhabitants and good 
access to specialized care. 
The uncommon lung tumours are carcinoid tumour (lCD 8240), carcinosarcoma (rCD 
8980), sarcoma (rCD 8800-8900) and malignant melanoma (rCD 8720). Pulmonary 
carcinoid tumours are defined as tumours of the diffuse endocrine system derived from 
Kultschitsky-type cells; carcinosarcomas are tumours that have an admixture of 
carcinoma and sarcoma. The age-adjusted incidence rates, according to the European 
Standardized Rate (ESR) for each histological type, were computed per one million 
person-years for the periods 1970-79, 1980-89 and 1990-94. 
Relative survival was calculated as the ratio of the crude to the expected rates 
(calculated from life tables for regional male and female populations, compiled 
according to 5-year age groups and year of diagnosis). The risk of death due to 
unconunon lung tumours was predicted from a model prepared by the Finnish Cancer 

Registry.' 
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Results 

During the period 1970-94 11,047 lung cancer patients were diagnosed in the 

sonthcastern part of the Netherlands, whereby 6% were clinically diagnosed. Less than 
I % of these patients suffered from an uncommon lung tumour: 54 carcinoid tumours 
(0.5%), 11 carcinosarcomas (0.1 %), 9 sarcomas (0.1 %) and 1 malignant melanoma 

(0.01 %). The male/female ratio was 1.3 for carcinoid tumours, 2.7 for carcinosarcomas 
and 2 for sarcomas. The male/female ratio for carcinoid tumours was lower for 
patients younger than 50 years of age (Inlf-ratio = 1) than for those 50 and older (m/f
ratio = 1.4). Carcinoid tumours developed mainly in the lower lung lobe (41 %). The 

mean age of paticnts with carcinoid tumour was 54 years (range 24-84), those with 
carcinosarcoma 61 years (range 36-74) and patients with sarcoma 63 ycars (range 45-
69). 
The age-standardized incidence rate (ESR) for carcinoid tumours increased from 3 per 
one million inhabitants in 1970-79 to 7 in 1980-89 and 1990-94 (table); the increase 

occurred in both the younger and older age groups. For carcinosarcomas and sarcomas 
the incidence rates were about I per one million inhabitants (table). Most carcinoid 

tumours, carcinosarcomas and sarcomas were surgically resected (85%, 60% and 71 %, 
respectively). 
The relative 1-, 5- and IO-year survival rates for patients with carcinoid tumour 

remained constant at 97%, 83% and 77%, respectively. The median survival time for 
patients with a carcinoid tumour was 6.5 years. The relative I-year survival rates for 
patients with carcinosarcoma or sarcoma were 26% and 46%, respectively. 

Table 

Discussion 

Age-stalldardized illcidellce rates per aile millioll persall-years (ESR) of 
1I11COllllllOII lllllg tlll/IOIII'S diagllosed betweell 1970 alld 1994, accordillg 

to histological sllbtype. 
Cm'cinoid Carcinosarcoma Sarcoma 
N ESR N ESR N ESR 

1970-79 7 3 3 0.9 4 1.0 
1980-89 30 7 2 0.5 3 0.8 
1990-94 17 7 6 3.0 2 0.9 
1970-94 54 6 11 1.1 9 1.0 

The most frequent uncommon lung tumour was the carcinoid tumour, which occurred 
mainly in younger age groups? It is usually localized centrally and accounts for less 
than 1 % of all lung tumours.' An increase in the incidence of carcinoid tumours in all 
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age groups was also found in the SEER cancer registry: This may in part be due to 

improved diagnostic technology and increased awareness, but there is also some 

evidence that hormonal factors playa role in the aetiology of carcinoid tumours.5 The 

male/female ratio was lower in the reproductive period (younger than 50). The 

prognosis for patients with carcinoid tumour was rather good; the 5-year survival rate 
was over 80%, as was also found in other western countries.4

,6.IO 

Sarcomas originating in the lung usually represent less than 0.1 % of all malignant lung 
tumours;! I they are usually aggressive tumours, with 60-90% fatality 5 years after 
diagnosis.2

,12,13 The single most important differential diagnosis for cases of suspected 

primary sarcoma of the lung is metastatic spread from an extra pulmonary tumour. 
Therapy is lIsually surgery; 14 radiotherapy and chemotherapy have proven to be of 

little benefit thus fa1'. 3 Little is known about aetiological factors,15 and the relationship 

with smoking has not been confirmed. 12 If sarcomas were closely related to smoking 
the incidence in the southeastern part of the Netherlands should have increased 
markedly until the early 1980s, since the percentage male smokers was about 95% in 

the 1950s.16 However this could not be demonstrated in this study. 

Carcinosarcomas are difficult to distinguish from squamous cell carcinomas unless 
differentiation into specific tissues such as neoplastic bone, cartilage and striated 

muscle occurs. Only about lout of 1000 lung tumours will be a carcinosarcoma and 
they are very rarely diagnosed preoperatively. 17 The prognosis for carcinosarcoma was 

poor (26% alive after I year), as in Germany." 

It was found to be particularly difficult to establish with certainty the diagnosis of 

primary melanomas in the lung, because the lung is such a common site for metastases 
(particularly from ocular melanoma) which may arise many years after the primary 
tumour was excised. IS Furthermore, primary cutaneous melanomas can regress but still 

• • 19 TI . f' I gIve nse to metastases. lere are, moreover, rare II1stances 0 pnmary me ;moma 
arising in the bronehus.20 It is important to be able to identify those cases which are 

recognized as primary tumours, so that the clinical and pathological features can be 
analysed and diagnosed during life in order to achieve appropriate treatment and 
management. The majority of melanomas in the lung reported in other studies are 

believed to be primary tumours. The aetiology might be related to smoking, but the 

number of cases in previous studies was too small to exclude the possibility that this 
relationship was due to chance. 

Conclusion: although carcinoid tumours, sarcomas, carcinosarcomas and malignant 
melanomas very rarely occur in the lung, they should be distinguished from small-cell 

lung cancer or non-sIll an-cell lung cancer, because different treatment is required and 
there are differences in prognosis. 
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Chapter 7. General discussion 

In this thesis changes in the incidence and survival of the histological subtypes of lung 
cancer in the southeastern part of the Netherlands have been described and interpreted. 
For men the age-standardized incidence rate increased markedly until 1983 and then 
decreased. The incidence among middle-aged men increased until the beginning of the 

1970s, that for men aged 60-74 until the end of the 1970s and that for men aged 75 and 
older until the mid-1980s. The decrease in incidence among men started earlier for 
squamous cell and small-cell carcinoma (1978) than for adenocarcinoma (1985). For 
women the incidence rate increased from the initially very low level in the 1960s until 
the 1990s in every age group and for every histological subtype. The incidence rates 
for pleural mesothelioma and carcinoid tumours have increased but have remained 
low. 
The prognosis for patients with lung cancer was dependent on age and stage and varied 

markedly between the various histological subtypes. For non-small-cell lung cancer 
overall survival did not improve significantly, but subsitc-spccific sUlvivul increased 

slightly for patients with squamous cell carcinoma, decreased for patients with 
adenocarcinoma and remained stable for those with large-cell undifferentiated 
carcinoma. Par small-cell lung cancer short-term survival has improved considerably 

since the introduction of chemotherapy, but long-term survival has remained poor. 
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Quality of the data 

When reporting on trends, it must be realised that the precision of detection, 
classification and staging has gradually improved, especially due to the introduction of 
flexible bronchoscopy and the increase in the number of chest physicians. In contrast, 
the direct and multiple source registration process in the Eindhoven Cancer Registry 
has remained largely the same. 

COII/pietelless 

The analyses were confined to a core region of municipalities that were covered by the 

Eindhoven Canccr Registry. This is a registry without Death Certificate Only (DCa) 
cases and with good access to medical care; some elderly patients and patients with 
poor chances of survival may have been missed, but the percentage missing patients 
(mainly elderly) was estimated to be Icss than 5%. Since survival of lung cancer is 
poor, mortality should be almost equal to the incidence. We compared incidence and 
mortality rates - determined by Statistics Netherlands - in order to assess the 
completeness of the cancer registry. Incidence rates were slightly higher than mortality 
rates, except for the very elderly (section 2.1). 
It should be noted that there are differences in completeness of data between the 
various countries, depending on the ascertainment in hospitals and cancer registries, 

the access to medical care, and the availability and quality of death certificates (section 
1.2). 

Classificatioll 

For histological typing of lung cancer the classification of the WHO was used. The 
same classification was used throughout the whole study period. Interobserver bias 
exists, especially for large-cell undifferentiated carcinoma; 1 this was also found in a 
review of a sample of lung cancer patients taken from the Eindhoven Cancer Registry: 
almost 50% of large-cell undifferentiated carcinomas could be reclassified as 
squamous cell carcinoma and almost 15% as adenocarcinoma. For adenocarcinoma it 
is sometimes difficult to distinguish between primary adenocarcinoma of the lung and 
metastases from adenocarcinoma elsewhere, such as the breast, prostate, colon, rectum 

or stomach. As soon as the primary tumour was found, the diagnosis was corrected in 

the registry. 
The recording of co-morbidity by cancer registry personnel was validated in a study of 
127 patients (section 2.4): there was an underestimation of the total number of diseases 
of 8%; the number of cardiovasculm' diseases was underestimated by 27% of the 
originally recorded prevalence, while the occurrence of capo (chronic obstmctive 
pulmonary disease) was oVf';restimatcd by 6%. Since this was only corrected in 

registration procedures in the second half of 1996 we adjusted the originally recorded 
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prevalences of cardiovascular diseases and COPD by the above-mentioned 
percentages. 

When reporting on trends in stage distribution one should take into account 'stage 
migration': through improved diagnostic techniques lymph node metastases and 
distant metastases can now be found more easily, thus some tumours that were 
recorded as localized in the earlier period will be recorded as regional nowadays.' 

Trends in incidence 

Age-standardized lung cancer incidence rates (World Standardized Rate, WSR) for 
men in the southeastern pmt of the Netherlands increased markedly from 30 per 
100,000 person-years in 1960 to 95 in 1983 and then declined to 70 in 1994; the 
incidence increased until birth cohort 1910-19. The decrease in incidence rates first 
occurred among middle-aged men (peak in 1974) and later also among the elderly. 
Incidence rates for women were much lower than those for men but increased from 1 
per 100,000 person-years in 1960 to a plateau of 13 since 1992. The incidence of lung 
cancer among men in municipalities with tobacco-processing industries was clearly 
higher than in other urban and rural municipalities. In contrast, incidence of lung 
cancer among women was much higher in urban than in 1"tll'al arcas, and the presence 
of tobacco industries did not make any notable difference. For men the peak 
incidences of squamous cell carcinoma and small-cell carcinoma were reached in 
1978, while that for adenocarcinoma was reached in 1985. The proportion with 
adenocarcinoma has increased, especially for men born after 1920. Among women the 
incidence rates have increased for every histological subtype. 
The trends in lung cancer incidence were most likely related to changing smoking 
habits, the major risk factor for lung cancer (figure).]'!! The relative risk for smokers 
depends on multiple aspects of smoking behaviour, including age at starting smoking, 
the number of cigarettes smoked, the products smoked and the inhaling pattern. It 
varies between 3 and 55 for men and between 4 and 147 for women. 12 The decline in 
male smokers from 95% in 1960 to 50% in 1981 was followed by a drop in male lung 
cancer incidence after 20-25 years (section 3.1). The decrease in incidence for men 
born since 1920 could be cxplained by the fact that these men (who were younger than 
40 years in 1960) were more likely to quit smoking or to switch to low-tar filtcr 
cigarettes compared to the older birth cohorts. The trends in the incidence of female 
lung cancer (increase and plateau) also reflect changes in smoking behaviour: the 
percentage fcmale smokers increased from a low 27% in 1960 to 40% in 1967; after 
1979 it decreased to 36% in 1981. 
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Figure Age-standardized incidellce (ll'SR) and % smokers. 
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The trends in lung cancer incidence in the southeastern part of the Netherlands seem to 
represent an extreme situation: male lung cancer incidence was one of the highest in 
Europe (section 5) and between 1969 and 1990 regional mortality was also higher than 
in other parts of the Netherlands.I3~I" Between 1960 and 1980 the percentage male 
smokers was 5% higher in the southern part of the Netherlands than in the rest of the 
country, which might possibly be attributed to high social acceptance of smoking due 
to the presence of many tobacco-processing industries (section 3.2). On the other hand, 
female lung cancer incidence and mortality in the southeastern part of the Netherlands 
were among the lowest in the Netherlands and in Europe up to 1980,J3~16 due to the 

very low initial percentage female smokers in this part of the Netherlands. This was 
probably related to the traditional lifestyle of, largely Roman-Catholic, women. 

Another argument for the role of smoking habits is the fact that among men the peak 
incidence rates for squamous cell carcinoma and small-cell carcinoma, both of which 
correlate with smoking better than adenocarcinoma,7.17~23 were reached in 1978, while 
that for adenocarcinoma was reached in 1985. The same phenomenon was seen in 
other European countries (section 5) and in North America;24~32 in North America 

adenocarcinoma is now even the leading lung cancer cell type among men. The 
strength of the association between smoking and histology seems to be related to 
tumour location: adenocarcinoma develops primarily in the peripheral lung zones, 
whereas squamous cell carcinoma and small-cell carcinoma occur mainly in central or 
hilar iocations.7,19,33,34 

Since squamous cell carcinoma and small-cell carcinoma are closely related to 
smoking the decrease in incidence rates for men was probably due to a decrease in the 
percentage smokers since the 1960s and the change to low-tar filter cigarettes 
(figure).25.26.28 

The increase in the incidence of adenocarcinoma - which exhibits the lowest 
correlation with smoking - is more difficult to explain. It was not caused by an 
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increase in bronchioloalveolar carcinoma, as was suggested in three studies conducted 
in the United States in the 1990s.3S~37 Furthermore, inter-observer reproducibility for 

adenocarcinoma was good.1,38,39 Other authors suggest that the increase might be due 

to changes in exposure to risk factors, such as the increased preference for low-tar 
filter cigarettes since the 1960s, especially since the increase in adenocarcinoma only 
occurred in smokers.32 Filters could lead to larger puffs and retaining smoke longer to 

compensate for the lower nicotine yield. The subsequently increased deposits of 

smoking particles in the bronchioles could enhance the risk for adenocarcinoma, which 
usually occurs in the peripheral lung zones.'·32.)).40,4! Furthermore, low-tar filter 

cigarettes have a higher nitrate content. The subsequently increased production of N

nitrosamines induced lung adenocarcinomas in laboratory animals.42 Stellman and 
colleagues indeed found that the risk of adenocarcinoma for filter cigarette smokers 
was not reduced when compared with non-filter cigarette smokers, in contrast to the 
risk for squamous cell carcinoma.41 Younger men were more inclined to smoke low
tar filter cigarettes than the elderly; this explains why the increase in adenocarcinoma 

mainly occurred in men born after 1920 (section 4.1.2). The percentage smoking 

women just started to increase in the 1960s, and the proportion smoking low-tar filter 

cigarettes has always been higher than for men. This may have contributed to the 
higher baseline proportion of women with adenocarcinoma. 

Uncommon tumours 
Section 6.1 shows that the incidence of pleural mesothelioma in the southeastern part 
of the Netherlands was fairly low compared to some other Dutch cancer registries, but 

it has increased twofold since 1975 (from 10 to 19 per one million person-years), 

especially among (elderly) men. This may be explained by the migration of men who 

were exposed to asbestos while employed in the shipbuilding industry from the 

southwestern to the southeastenl part of the Netherlands. However, in view of the 
presumably limited exposure to asbestos of the population in the southeastern part of 

the Netherlands, the incidence of mesothelioma in this area will probably remain low. 
After mesothelioma, the most frequent uncommon lung tumour was carcinoid tumour, 
which develops especially in younger age groups." The incidence of carcinoid 

tumours seems to have increased slightly in all age groups (section 6.2), as was also 

demonstrated by the SEER cancer data." This may in part be due to improved 

diagnostic technology and increased awareness. There is also some evidence that 
hormonal factors play an important role in the aetiology of carcinoid tumours.44 This 
may explain the lower male/female ratio in the reproductive period (younger than 50). 

Sarcomas, carcinosarcomas and melanomas in the lung are very rare and a trend could 
not be identified. It is unlikely that these tumours are closely associated with smoking; 

otherwise a marked increase would have been seen since the 1960s. 
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Conclusion Oil trends ill illddence 

In view of the trends in known risk factors and latency time, the incidence rates for 

male lung cancer will probably decline further in the near future, but the proportion of 
adenocarcinoma win increase further. A decrease in the incidence of female lung 

cancer is not expected before the beginning of the next century. 

Trends ill survival 

Besides being dependent on age and tumour stage, survival for lung cancer patients 

was closely related to histology of the tumour. Survival was best for patients with 
carcinoid tumour (I-year survival was 97%), followed by non-small-cell carcinoma 

and sarcoma (I-year survival almost 50%), mesothelioma (I-year survival was 42%) 

and small-cell carcinoma (I-year survival about 35%), and was poorest for patients 

with carcinosarcoma (I-year survival about 25%). Although the overall prognosis for 
patients with non-smaIl-cell lung cancer has remained unchanged, there have been 

divergent changes between morphological subtypes (section 4.l.l). Relative survival 
for squamous cell carcinoma improved slightly between 1975 and 1994, while relative 
I-year survival for patients with adenocarcinoma has decreased markedly since 1975 

and for those born after 1930. The relative survival rate for large-cell undifferentiated 
carcinoma was markedly lower than that for the above-mentioned two types and has 

remained roughly unchanged. 
Short-term survival «2 years) for patients with small-cell carcinoma has almost 

doubled since 1975, especially for patients youuger than 70 years; for this group 
median survival has increased from 5 to 10 months. However, 'long-term' survival (::::-:2 
years) remained poor and excess 5-year mortality for patients who were alive after 
eight years was 39%. 

Survival of lung cancer for patients in the southeastern part of the Netherlands was 

among the highest in Europe (section 5). 

NOIl-slllall-celllullg cancer 

In section 4.1.2 we searched for an explanation for the decline in survival found for 

younger patients with adenocarcinoma of thc lung. Among these patients the 

proportion with early disease has also been decreasing, thus the biological behaviour 
of adenocarcinomas might have shifted towards a more rapidly mctastasizing tumour. 

This Illay be caused by the higher concentration of carcinogens in the peripheral lung 
zones. The Illost likely explanation is the introduction of low-tar filter cigarettes, 
especially because the decrease in survival occurred in those born after 1930. In this 
respect, cigarette smoke-induced K -ras mutations, which are known to be associated 

with the adenocarcinoma phenotype in lung cancer, have been shown in several 
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studies to be associated with a poor prognosis:'-47 Monitoring of microalbuminuria or 
cytokeratin-18 may also indicate the prognosis for patients with non-small-cell lung 
cancer.48-50 

The mean age of lung cancer patients is rising due to the combined effect of a decrease 
in incidence among younger men, an increase in the incidence among the elderly and 
the growing mean age of the general population. Therefore, co-morbidity is becoming 
more important for the clinical management of cancer patients, especially surgical 
resection, because of peroperative and postoperative complications."-'4 Co-morbidity 
is also an independent prognostic factor.55

-
6o Section 4.3 shows that the presence of co

morbidity in patients with localized non-small-cell lung cancer was indeed associated 
with fewer resections. 

Small-cei//lIllg callcer 

Section 4.2 shows that the improved short-term survival found for small-cell lung 
cancer in the southeastern part of the Netherlands is likely to be due to the increased 
use of chemotherapy since the end of the 1970s. Cyclophosphamide-Doxorubicin
Etoposide (CDE) has been the standard combination since the end of the 1980s. It had 
not yet evolved to the platinum-containing regimen during the study period. 
Nonetheless, despite initial chemosensitivity, the majority of patients relapse or 
develop a second tumou1'.61

-
64 Results of chemotherapy have reached a plateau and 

further improvement seems impossible with currently available tools.6'-67 For older 
patients only a small improvement in median survival was found, which may be due to 
less aggressive treatment because of poor peIformance status. The latter is probably 
related to the high prevalence of co-morbidity (60%) among these patients: the 
proportion patients over 70 receiving chemotherapy decreased slightly from 73% for 
those without concomitant diseases to 65% for those with two or more concomitant 
diseases, but doses were probably also adapted (section 4.3). There is some 
disagreement about the benefit of chemotherapy for older patients with small-cell lung 
cancer. Some authors have argued that survival for the elderly is similar to that for 
younger patients, despite less aggressive treatment,68 while others found thal even 
elderly patients with co-morbidity arc likely to benefit from combination 
chemotherapy.69-73 

Conclusion 011 trends in survival 
Despite better access to medical care and improvement in diagnostic techniques and 
treatment, overall survival for non-small-cell lung cancer has not improved over time, 
and prognosis for adenocarcinoma has even been decreasing, especially for those born 
after 1930. This might indicate that adenocarcinoma is becoming a more rapidly 
metastasizing tumour type, possibly caused by smoking low-tar filter cigarettes. 
Progress was noted for short-term survival of small-cell lung cancer after the 
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introduction of chemotherapy, but a plateau was reached at the end of the 1980s and 
long-term survival (~2 years) has not improved. 
Furthermore, the proportion of elderly patients is growing, thus co-morbidity will 
become an important factor in treatment choice and survival. This means that there is a 
need for adapted guidelines for these patients, who are usually excluded from clinical 
trials. 

Conclusions and recommendations for further studies 

Lung cancer is one of the major side-effects of nicotine addiction through tobacco 
smoking. The incidence has increased dramatically since the World War II, mainly due 
to smoking habits. The decrease in the percentage smokers since the 1960s reduced 
lung cancer incidence afler the mid-1970s, first among middle-aged men. However, 
the percentage smokers has not decreased further since 1988 (remaining about 35%) 
and teenagers have even been smoking more since 1990. Thus the decrease in 
incidence will probably reach a plateau at the begimung of the next century and the 
incidence among people born since 1970 might even increase again. Age-period
cohort analysis is the prop or method for following these trends. 
Furthermore, the proportion of patients with adenocarcinoma has been increasing; in 

previous studies this was found to be due to the increase in smoking low-tar filter 
cigarettes since the 1960s. This may be worrying, especially since the prognosis has 
also been decreasing. Since the relationship between smoking low-tar filter cigarettes 
and an increase in incidence and decrease in survival for patients with adenocarcinoma 
has not been confirmed, there is a need for more studies on the health risks of these 
popular cigarettes and also on other putative risk factors for adenocarcinoma, 
especially since this tumour type also develops relatively oftcn in non-smokers. 
Besides giving health warnings, two possible ways to prevent lung cancer are (I) to 
decrease the availability of cigarettes or raise the price or (2) to develop better 
strategies for handling nicotine addiction. The latter could be achieved e.g. by offering 
less harmful nicotine delivery systems such as chewing gum or 'plasters'. The 
effectiveness of these strategies needs to be studied in the various groups of addicted 
smokers. 
Insight into the relationship between mutational activation of oncogenes or disntption 
of tumour suppressor gene function, such as K-ras, p53, or cytokeratin 18, and survival 
for the various histological subtypes among unselected patients with lung cancer could 
provide insight into tailor-made treatment for subgroups of patients, e.g. adjuvant 
chemotherapy shortly afler surgery for patients with cytokeratin 18-positive stage I 
non-small-cell lung cancer. Through the cancer registry in collaboration with the 
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various pathological laboratories these prognostic factors can be studied in unselccted 
patients. 

Since a large proportion of patients with non-smail-cell carcinoma do not qualify for 
surgical resection, palliative treatment is important. Now that new treatment strategies 
are emerging, progress in palliation can be studied in unselected patients with the help 
of cancer registries. 
The rising proportion of elderly patients who present with co-morbidity at diagnosis 
indicates that there is a need for studies on the association between specific types of 
co-morbidity and determinants of prognosis, including complications during or after 
treatment. On the basis of these studies registration procedures for assessment of co
morbidity can be standardized and guidelines for treatment can be adapted or 
individualized. 
Population-based cancer registries are helpful for monitoring trends in incidence, 
survival and adherence to guidelines for treatment, especially because these registries 
report exclusively on unselected patienls. 
Determinants of trends in incidence and survival of uncommon tumours should be 
studied on a national scale or even within Europe, because the numbers of patients in 
the separate cancer registries are too small to study these trends. 
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Lung canccr is by far the most frequent type of cancer among Dutch men and ranks 
third among women. Since the World War II, 250,000 Dutch people have died of lung 
cancer. The incidence ratc among men was one of the highest in Europe. In the past 
few decades incidcnce rates of lung cancer and those of the histological subtypes have 
been changing markedly. Little is known about trends in population-based survival 
rates. Therefore, changes in incidence and survival rates for the histological subtypes 
of lung cancer were studied and interpreted against the background of smoking habits 
and changing therapy. 
Data of the Eindhoven Cancer Registry were used, which originally served an area of 
about one million inhabitants in the southeastern part of the Netherlands and since 
1987 an area of two million. For the study 011 variation in incidence and survival rates 
within Europe data of cancer registries participating in EUROCIM and Eurocare were 

used. 

Since smoking is by far the most important risk factor for lung cancer, an aetiological 
background for males and females was obtained from period and birth cohort analyses. 
Among men, the age-standardized incidence rate increased strongly from 30 per 
100,000 person-ycars in 1960 to 95 in 1983 and then decreased to 70 in 1994. The 
decrease occurred first among middle-aged men. The incidence increased until birth 
cohort 1910-19, whereafter it declined. Incidence rates for women were much lower 
than for men, but have been steadily increasing from I per 100,000 person-years in 
1960 to 13 in 1994. The trends in lung cancer incidence for men and women followed 
thc trends in smoking behaviour after 20-25 years. In this area the percentage of male 
smokers has been very high, but decreased from 95% in 1960 to 50% in 1981. The 
percentage of female smokers was rather low. but has been increasing from 27% in 

1960 to 40% in 1967; after 1979 it decreased to 36% in 1981. 
Since thc southeastern part of the Netherlands contained many tobacco-processing 
industries, intraregional differences in incidence rates were studied in order to 
determine the effect of the different smoking habits for men and womcn in urban 
areas, rural areas and municipalities with tobacco-processing industries. Among men, 
lung cancer incidence was clearly higher in municipalities with tobacco-processing 
industries than in other urban and rural municipalities. In contrast, lung cancer 

incidence among women was much higher in urban than in rural municipalities and the 
presence of tobacco-processing industries did not make any difference. The high social 
acceptance of smoking due to the presence of tobacco-processing industries has very 
likely increased the perccntage of male smokers and the amount smoked per day. 
Another argument for the role of smoking habits is the fact that among men the peak 
incidence rates for squamolls cell carcinoma and small-cell carcinoma, both of which 

correlate witb <'llloking better than adenocarcinoma, were reached in 1978, while that 
for adenocarcinoma was reached in 1985. For men, the proportion of adenocarcinoma 
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among non-small-cell lung cancer increased from 10% in 1975-79 to 18% in 1990-94; 
it increased for men born since 1920. Among women the incidence rates increased for 
every histological subtype and the proportion of adenocarcinoma remained about 40%. 
In previous studies, the proportional increase in adenocarcinoma was found to be 
related to the increased preference for low-tar filter cigarettes since the 1960s. The 
smoke of these cigarettes is gcncrally inhaled deeper, in order to compensate for the 
lower nicotine yield. Thus carcinogens penetrate deeper in the lung and can cause 
adenocarcinoma, which often develops in the peripheral lung zones. 
Less than 1 % of all tumours of the respiratory tract are vety uncommon. 
Mesothelioma, carcinoid, carcinosarcoma and sarcoma clearly differ in aetiology and 

prognosis. The incidence rates of mesothelioma and carcinoid tumours have been 
increasing during the past decades, but have remained low. 

Little is known about trends in long-tcrm population-based survival rates for the 
histological subtypes of lung cancer. In the southeastern part of the Netherlands, short
term survival for patients with small-cell lung cancer has improved since the 
introduction of chemotherapy in the 1970s; median survival for patients younger than 
70 years has increased from 5 months in 1975-79 to 10 months in 1985-92. However, 
2-year survival has remained 8%. Overall prognosis for patients with non-small-cell 
lung cancer did not change over time, but there were divergent trends for the 
histological subtypes. Relative I-year survival for patients with squamous cell 
carcinoma has improved slightly over time from 48% to 51 %, while that for patients 
with adenocarcinoma has decreased markedly from 59% in 1975-79 to 45% in 1990-
92; the decrease was found for those born since 1930. Among younger patients with 
adenocarcinoma, the proportion with early disease has also been decreasing, thus a 
more aggressive tumour type may have occurred. Since it is unlikely that changes in 
detection or classification playa major role, the higher concentration of carcinogens in 

the peripheral lung zones, due to the increased preference for low-tar filter cigarettes 
could have been responsible. Relative survival for patients with large-cell 
undifferentiated carcinoma was markedly lower than the above mentioned types of 
non-small-cclliung cancer and has remained roughly unchanged. 
The number of patients that present with co-morbidity at diagnosis of lung cancer is 
increasing, because of the rising mcan age of patients. Therefore, co-morbidity, one of 
the prognostic factors, was studied in depth. Co-morbidity has become a more 
important factor for the clinical management of patients, especially surgical resection, 
because of peroperative or postoperative complications. The presence of serious co
morbidity in patients younger than 70 years with localized non-small-cell lung cancer 
was indeed associated with less surgery: in absence of co-morbidity 94% of the 
tumours were surgically resected, compared with 70% in case of two or more co
morbid conditions. 
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Variations in the incidence and survival for patients with lung cancer within Europe 
between 1978 and 1992 were studied and were correlated with differences in smoking 
habits and access to specialized care. Incidence rates for men in northern Europe have 

been decreasing since the mid-1980s, while the peak in rates for men in southern and 
eastern Europe and for women was not reached in the beginning of the 1990s. The 
trends in incidence can be largely explained by the trends in past smoking behaviour. 
Age-standardized relative I-year survival varied between 24% in Denmark and the 
United Kingdom, and 40% in Finland, France, the Netherlands and Switzerland. Most 
variations were probably due to differences in access to specialized care. 

Lung cancer is one of the major side-effects of nicotine-addiction tlu"Ough tobacco 
smoking. Although the incidence of lung cancer among Dutch men has been 
decreasing since the 1980s, the decrease willlikcly reach a plateau in the beginning of 
the next century, because of a steady percentage of smokers since the end of the 1980s. 
The increase in the proportion of adenocarcinoma may be worrying, especially since 

the prognosis has also been decreasing. There is a need for studies on determinants of 
changes in the incidence and survival of adenocarcinoma. Furthermore, future studies 
should focus on the association between specific types of co-morbidity and 
determinants of prognosis, because the proportion of elderly patients who present with 

co-morbidity at diagnosis is rising. 
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Longkanker is de meest voorkomende vorm van kanker bij Nederlandse mannen en 
neemt een derde plaats in bij vrouwen. Sinds de Tweede Wereldoorlog zijn in 
Nederland ongeveer 250.000 mensen aan longkanker overleden. De incidentie van 
longkanker bij Nederlandse mannen is een van de hoogste in Europa. In de afgelopen 
50 jaar is de incidentie van longkanker en van de histologische sllbtypen sterk 
vcrandcrd. Over de trends in overleving voor ongeselecteerde patiCnten is weinig 
bekend. In dit proefschrift werden veranderingen in incidentie en overleving van 
patienten met de afzonderlijke histologische subtypen van longkanker bestlldeerd en 
gelnterpreteerd tegen de achtergrond van veranderingen in rookgewoonten en therapie. 
Er werd gebrllik gemaakt van gegevens van de kankerregistratie van het Integraal 
Kankercentrum Zllid (IKZ), die gegevens registreert in Zllidoost-Nederland, een 
gebied met ongeveer 2 miljoen inwoners sinds 1987. Voor de studie naar variatie in 
incidentie en overleving billnen Europa werden gegevens gebruikt van 
kankerregistraties die deelnemen aan EUROCIM en Eurocare. 

De trends in incidentie werden geanalyseerd naar peri ode van diagnose en 
geboortecohort, omdat roken de belangrijkste risicofactor is voor het ontstaan van 
longkanker. Voor mannen steeg de voor leeftijd gestandaardiseerde incidentie van 30 
per 100.000 persoonsjaren in 1960 naar 95 in 1983, waarna de incidentie daaldc tot 70 
per 100.000 in 1994. De daling trad het eerst op bij mannen van middelbare leeftijd, 
later ook bij oudere mannen. De incidentie steeg tot geboortecohort 1910-19, waarna 
cen daling optrad. De incidentie voor vrouwen was veellagcr dan voor mannen, maar 
steeg van 1 per 100.000 persoonsjaren in 1960 tot 13 in 1994. De trends in incidentie 
van longkanker voor mannen en vrouwen volgden die in rookgewoonten na 20-25 jaar. 
In Zuidoost-Ncderland was het percentage mannelijke rokers erg hoog, maar daalde 
van 95% in 1960 tot 50% in 1981. Het percentage rooksters was relatief laag, maar 
steeg van 27% in 1960 tot 40% in 1967; na 1979 daalde dit percentage tot 36% in 
1981. 
In Zllidoost-Nederland heeft vee! tabaksverwerkende indllstrie gestaan. am het effecl 
van rookgewoonten in steden, op het platteland en in gemeenten met 
tabaksverwerkende indllstrie te bestllderen, werden intraregionale verschillen in de 
illcidentie van longkanker gcanalyseerd. Voal' mannen was de incidentie van 
longkanker in gemeenten met tabaksverwerkende industrie duidelijk hoger dan in 
andere gcmcenten. Voar vrouwen was de incidentie van longkanker, in tegcnstelling 
tot de mannen, in steden dllidelijk hoger dan op het platteland, terwijl de aanwezigheid 
van tabaksverwerkende industrie geen verschil uitmaakte. De gemakkelijke toegang 
tot tabak in gemeenten met tabaksvcrwerkende industrie heeft waarschijnlijk geleid tot 
cen stijging van het percentage mallnelijke rakers en het aantal sigarettcn dat per dag 

gerookt werd. 
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Een ander m'gument voor de rol van roken is het feit dat de piek in de incidentie van 
plaveiseJcel- en kleineellig carcinoom, beide sterker samenhangend met roken dan 
adenocarcinooIl1, werd bereikt in 1978, terwiji die van adenocarcinoom pas in 1985 

bereikt werd. AdenocarcinooIl1, als percentage van de niet-kleincellige longtumorcn, 
stceg bij mannen van 10% in 1975-79 tot 18% in 1990-94 en steeg voor hen die 
geboren waren na 1920. Voor vrouwen steeg de incidentie van elk histologisch type 
van longkanker en het percentage adenocarcinoom b1eef ongeveer 40%. In voorgaande 
studics werd de procentuele tocname van adenocarcinoom gerelateerd aan de toe name 
in het raken van filtersigaretten met een laag teergehalte sinds de zestiger jaren. Dc 
rook van deze sigmetten wordt vaak dicper geYnhaleerd am het lager nieotine-gehalte 
te compenseren. Zo penetreren carcinogenen dieper in de long en veroorzaken 

adenocarcinoom, dat meestal perifcer in de long onstaat. 

Minder dan 1 % van aIle tumoren van de tractus respiratorius zijn zeldzame tumoren, 
zoals mesothelioom, carcinoi'd nmlOr, carcinosarcoma en sarcoma. Deze versehillen in 
etiologie en prognose. De incidentie van mesothelioom en earcinoi'd tumoren is 
gestegen gedurende de studieperiode, maar de incidentie is nog steeds erg laag. 

Over de trends in lange-termijn overleving voor ongeseleeteerde patienten met 
longkanker is sleehts weinig bekend. De korte-tennijn overleving voor patienten met 
een kleineellige longtumor in Zllidoost-Nederland is verbeterd sinds de introdlletie van 
chemothcrapie in de jarcn zeventig; de mediane overleving voor patienten jonger dan 

70 jaar steeg van 5 maanden in 1975-79 tot 10 maanden in 1985-89. De 2-jaars 
overleving bleef eehter sIeehts 8%. De prognose voor patienten met een niet
kleincellige longtumor veranderde niet in de loop van de tijd; eehler, de trends waren 
niet gelijk voor elk histologiseh subtype. De relatieve I-jaars overleving voor patienten 
met piaveiseJceJcmcinoom verbeterde lieht van 48% tot 51 %, terwiji die voor 
patienten met adenoeareinoom versleehterde van 59% in 1975-79 tot 45% in 1990-92; 
de verslcehtedng in overleving trad 01' bij patienten die geboren warcn na 1930. Bij 
jongere patienten met adenocarcinoom steeg het percentage dat gediagnostiseerd werd 
met een nmlor in een uitgebreid stadium; adenocarcinoom is dus mogelijk cen 
agressievere tumor gcworden. Het is onwaarschijnlijk dat veranderingen in detectie en 
classificatie een belangrijke rol hebben gespeeld in de verslcchtering in pragnose voor 
patienten met adcnocarcinoom. De toename in het roken van filtersigarcttcn met cen 
laag teergchaltc, helgeen heeft gclcid tot cen hogere concentratie van carcinogenen in 
de pedfere Iongdelen, is mogelijk verantwoordelijk voor de verslechtering in 
pragnose. De relatieve ovcrleving voor patienten met een grootcellig 
ongedi[ferentieerd earcinoom was duidelijk lager dan de hiCl'boven genoemde typen 
niet-kleineellig Iongearcinoom en is niet veranderd in de loop van de tijd. 
Een van de prognostische [actoren, co-morbiditeit, werd uitgebreid bestlldeerd. Door 
de stijging van de gemiddelde Ieeftijd van Iongkanker-patienten zal het percentage met 
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bijkomende ziektcl1 op het moment van diagnose van kanker toenemen. Dus co
morbiditeit wordt steeds belangrijker voor therapie-keuze, vanwegc pcr-operaticvc en 
post-operatieve complicaties. De aanwezighcid van co-morbiditeit bij patienten jonger 
dan 70 jaar met een lokale niet-klcinceUige longtumor was inderdaad geassociecrd mct 
een lager percentage reseeties: 94% werd geopereerd in afwezigheid van eo
morbiditeit vergeleken met 70% in geval van twee of meer bijkomende ziekten. 

Variatie in de incidentie en overleving voor longkanker-patienten binnen Europa wcrd 
gerelateerd aan versehillen in rookgewoonten en de tocgang tot medische zorg. De 
incidentie voor mannen in Noord-Europa is gedaald sinds midden jaren tachtig, terwijl 
de pick in de incidentie Vaal' mannen in Zuid- en Oost-Europa en voor vrouwen nog 
niet bereikt was in het begin van de jaren negentig. De trends in incidentie konden 
worden verklaard door de trends in rookgewoontcn. De voor leeftijd 
gestandaardiseerde relatieve I-jaars overleving varieerde van 24% in Denemarken, 
Engeland en Schotland tot 40% in Finland, Frankrijk, Nederland en Zwitscrland. Het 
grootste deel van de val'iatie in overleving kan waarsehijnlijk verklam'd worden door 
versehillen in de toegang tot medische zorg. 

Longkanker is een van de belangrijkste neveneffeeten van nicotine-verslaving door het 
roken van tabak. De incidentie van longkanker bij mannen is sinds midden jaren 
taehtig gedaald, eehter de daling zal waarsehijnlijk een plateau bereiken in het begin 
van de volgende eeuw, omdat het percentage rokers sinds eind jaren taehtig niet meer 
gedaald is. De toename in het percentage adenocarcinoom verdient aandacht, omdat 
ook de prognose verslechterd is. Er is behoefte aan studies naar detcrminanten van de 
veranderingen in incidentie en overleving van adenocarcinoom. VerdeI' zouden 
toekomstige studies zieh moe ten toespitsen op de relatie tussen bijkomende ziekten en 
determinanten van prognose, omdat het percentage oudere patienten met bijkomende 
ziekten op het moment van diagnose van kanker toeneemt. 
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