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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 registry in the Netherlands, Chapter L2 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 conmmon, the
incidence increasing dramatically since the 1940s.'” Tt has become by far the most
frequent type of cancer among Dultch men since the 1960s, cansing 35% of all cancer
deaths, Among Dutch women it now ranks third, causing 11% of all cancer deaths,?
Smoking is the most important risk factor for lung cancer,*’ now causing about 80%
of all lung tumowrs in men and about 60% of all lung turmours 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.® Small-cell carcinoma is a highly aggressive neoplasm, which
is rarely amenable to surgical treatment but often responds well to chemotherapy
and/or palliative radiotherapy, albeit only for a few months. According to clinical
trials, the short-term survival rate for patients with small-cel carcinoma seems (o have
improved since the infroduction 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, agpressiveness 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
and/or adversely influences therapy.” 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 depth 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 southcastern part of the
Netherlands between 1978 and 1992 are compared wilh those in other BEuropean
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 m aetiology and progn()sis:8 mesotheliomas, carcinoid  tumours,
carcinosarcomas, sarcomas and malignant melanomas. Since little is known about
actiology, growth ratc and sensitivity fo therapy, changes in the incidence and survival
of these uncommon tumours are described in chapter 6.

In the general discussion, chapter 7, the 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 I, 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.’ Nowadays Iung cancer is
the first or second most frequent tumour type among men and ranks second or third for
women.”” It causes 10-15% of all cancer deaths.®

When reporting on frends 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 {rends 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 altention,
We focused on North America, Australia, New Zealand and Europe, bccause the
epidemic of smoking and the subsequent lemporarily very high incidence of lung
cancer in these countries are iflustrative for other parts of the world where smoking is
on the rise.

1.2.2 Methodological considerations

This review was based on a computerized (Medline database 1966-1997) and a manual
search, Included were English-written, pecr-reviewed articles on trends in incidence,
mortality, risk factors, prognostic factors and survival for the histological subtypes of
lung cancer.

Classification

Lung cancer 1s commonly classified as small-cell carcinoma and a heterogeneous
group of non-small-cell carcinomas, which includes squamous cell carcinoma,
adenocarcinoma, large-cell  carcinoma, and some rare subtypes, such as
adenosquamous cell carcinoma, mucoepidermoid carcinoma and adenoid cystic
carcinoma. The first histological classification ol 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
‘Jarge-cell undifferentiated carcinomas’, in others they were not. Large-cell
undifferentiated carcinoma has frequently been called a ‘wastebasket’ or nonentity,
because the carcinomas are so poorly differentiaied that squamous or glandular
differentiation is no longer evident at the light microscopic level, Thus, the incidence
of this histological subtype varies 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,®® it is similar to
adenocarcinoma as far as gender, stage, race and age distribution and long-term
survival are concerned.'®

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 millicn
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 labovatory, hospital record offices and radiotherapy institutes.
Another indicator of the completeness of the data is the mortalityfincidence 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."!
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Figure 1 Trends in age-standardized incidence rates (WSR} per 100,000 person-
years. Source: Cancer Incidence in Five Continents, Vol. IV, V, VI, VII
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1.2.3 Time and birth cohort trends in incidence

Geographical variations

Worldwide male lung cancer incidence rates between 1988 and 1992 werc highest
(>50 per 100,000 person-years) in the United States, Canada, New Zealand (Maori)
and most European countrics, moderate (35-50 per 100,000) in China, Ireland, Malta,
Spain, Australia and New Zealand (non-Maori), and low {<35 per £00,000) in Utah
(United States), Latin America, most Asian countries, Iceland, Norway and Sweden.”
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 countrics, India and Africa.?

Incidence rates for lung cancer in North America, Australia, New Zealand and Europe
have changed markedly over the past two decades. Figure | shows the trends in age-
standardized incidence rates. In North America, Australia, New Zealand and most
countries of northwestern Burope the age-standardized rate for men increased
markedly up to the 1970s or 1980s and then started to decline first among middie-aged
men and later in the older age groups.™*™ In southern and eastern Europe the peak in
incidence was not reached at the beginning of the 1990s.*"*” For women lung
cancer incidence (being much lower than that for men) started to increase later and is
still on the rigse, 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,!718:20:2127

Variations between 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 ecarly
1980s and then declined to 20-40 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 1980s, The rates for adenocarcinoma rose from 5-15 per 100,000
person-years in the 1970s 1o 10-35 in the 1990s;'>1"22223 iy the United Stales
(black men) and the southeastern part of the Netherlands the peak was reached at the
end of the 1980s; for whitc American men a plateau was reached in the early
1990s."" 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 106,000 in the 1970s to 2-5 in the 1990, 15-17-2022.28-31 However, for American
woen the rise in the incidence of adenocarcinoma from 2-7 per 100,000 to 13-15 was

Figure 2 Percentage distribution of microscopically verified cases by histological

sublype (1988-1992),

Source: Cancer Incidence in Five Continents, Vol. IV, V, VI, VII
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marked.'"*** In Australia and Europe squamous cell carcinoma is stili the most
cominon 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 all lung 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 after 1910-25,
whereas adenocarcinoma only declined among men born after 1930-35, or even
later.'"?? Among women in Connecticut the incidence rates for squamous cell
carcinoma and adenocarcinoma have decreased since birth cohort 1930-39,22 however,
in Italy and Switzerland the rates for adenacarcinoma among women increased at least
up to the 1950-59 cohort.”*? Among Swiss women the rate for squamous cell
carcinoma started (o decrease with birth cohort 1940-49,%

Discussion of incidence

Several studies published since 1948 have indicated that smoking tobacce is the main
cause of lung cancer; the latency time is between 15 and 25 years.”‘m A direct link
between a defined cigarette smoke carcinogen and human lung cancer mutations was
not found until 1996."" The relative risks of smoking are 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).%"%* 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.”™ "% Higgins and Wynder (1988) showed that when a smoker stopped
smoking the decline in risk was more consistent for squamous cell, small-cell and
large-cell undifferentiated carcinoma than for adenocarcinoma.’’ 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.” The risk of smoking also increased with the tar yield.*
Other causes of lung cancer have been identified, such as air pollution,>* occupational
exposure to asbestos or radon (however, only a small proportion of the population was
exposed),””’ vitamin A deficiency,sg’(’2 indoor radon,” possibly bird keeping,®* and
previous chronic lung diseases,” ™ but the effects of smoking are so predominant that
trends in other exposures seem unlikely to be largely responsible for the changes in
incidence.
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The trends 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
1950s/1960s, first among younger men.’®™*" While the prevalence of smoking has
decreased since the 1950s, the percentage low-lar filter cigarette smokers among
smokers has increased markedly.7“"‘17‘79 However, those who continued smoking were
the heavily addicted ones.* In sonthwestern Europe the percentage smokers did not
start to decrease until the 1980s and in many eastern European countries the
prevalence of smoking increased until the 1990s.® The very low incidence of lung
cancer in Iceland, Norway and Sweden can be explained by the strong anti-smoking
campaigns in these countries.™™ 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 smokers,

Since squamous cell carcinoma is closely comrelated 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 (o the 1990s. Among men hoth 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
cariier birth cohorts — continued smoking non-filter, high-tar cigareties} occurred.

The increase in adenocarcinoma — {raditionally with the lowest correlation with
smoking — is more difficull to explain. The extent to which changes in diagnostic
techniques or classification were responsible for the increase in adenocarcinoma is
likely to be small:?>* 8182 golid carcinomas with mucus production, only being
classified as ‘adenocarcinoma’ after 1981,” cannot be responsible for the increase.
Furthermore, the inter-observer reproducibility for adenocarcinoma was g()()(l.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
adenocarcinoma, which occurs primarily in the peripheral lung zones. ?23"*7#%6 gince
Thun and colleagues found that the increase in adenocarcinoma only occurred in
smokers,” the increased use of filter cigarettes seems to be a plausible explanation for
the rise. Moreover, a multicenire 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.”® 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%).**" The higher proportion of
women with adenocarcinoma can also be explained by past smoking behaviour, Prior
{o the 1950s, cigarettes were predominantly unfiltered, high-tar products smoked
largely by men. In the 1950s, when women were just beginning to smoke, filter
cigareltes 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 adenoearcinoma.
Furthermore, adenocarcinoma also occurs relatively more often in non-smokers,
especially among women 374454988

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

Conclusions concerning trends in incidence

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 Burope and for women continued to increase, at least until the
§990s, The trends in incidence were closely associated with past smoking behaviour.
The decrease in incidence first occmred in younger men, thus the proportion of eiderly
pattents has been increasing.

Despite a decrease since the 1950s, the percentage smokers reached a plateau of 30-
50% in the mid-1980s.”® 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 famour 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 wiil 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 {umour stage: one-year relative swrvival rates decreased from 40% for patients
younger than 45 years old to 20% for patients of 75 and older,””™ and was better for
patients with localized discase (40-65%) than for those with metastasized disease (15-
3095) 599193

In North America the |- and 5-year survival rates in the 1980s were about 30% and
12%, respeclively.94'97 Between European countries large variations in lung cancer
survival rates existed between 1978 and 1985: 1-year rates varied between 219 and
42%, and S-year rates between 5% and 15%, being highest in Finland, France, the
Netherlands and Switzerland, and lowest in Denmark, England, Poland and
Scotland,**#:99

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

histological type, improved slightly although not significantly over time, 399094.96.97.99-
101

Variafions between histological subtypes

Besides being dependent on age and tumour stage, survival for lung cancer patients is
closely related to the histology of the tumour. Survival was best for patients with non-
smail-cell carcinoma and poorest for patients with small-cell carcinoma, 9495102107
Despite recent advances in treatment the 5-year survival rate for patients with non-

small-cell Tung cancer is still less than 15% and that for small-cell carcinoma only
5%, 93.95,98,108,10%

Although non-small-cell lung cancer is often considered to be one clinically uniform
category, scveral studies indicate that survival differs according to histological
subtype, being better for squamous cell carcinoma and adenocarcinoma (I-year
survival rates of 40-30%) than for large-cell undifferentiated carcinoma (1l-year
survival rates of 25.30%),%"9*#588102104110 1y v shire, England, UK, the population-
based survival for each histological subiype of non-small-cell lung cancer remained
largely unchanged between 1976 and 1983;"'! however, the percentage patients with
an unknown histology was very high.'™ In contrast, in the southeastern part of the
Netherlands the population-based relative 1-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%.”
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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 growlh fraction, and
sensitivity to multiple chemotherapeutic agents and radiation therapy. Short-lerm
survival seems to have improved since the introduction of chemotherapy in the
197051519718 1 Mersey and Yorkshire, England, UK, the population-based 2-year
survival rate improved from 2% in the 19708 (0 8% in the 1980s and in the
southeastern part of the Nelherlands the population-based relative L-year survival raie
improved from 15% in the [970s to 35% in the 1980s, but there was no further
improvement in the 1990s and 2-year survival did not exceed 8.1

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 stilt do not exceed 15%. Until
now, the only real chance of cure is surgery for patients with limited disease,”>105-115:116
About 30% of the patients with non-small-cell carcinoma have undergone surgical
treatrent since the 1980s compared to only 5% of those with small-cell
carcinomas.!®*"!” Postoperative mortality, which is higher for the elderly, is related to
the type of rescction, the risk being highest (6%) after pneumonectomy. '

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 use of radiotherapy has increased since the 19805, 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 melastases (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. ™! 9

The prognosis for lung cancer varied markedly between countries, probably due to
differcnces 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, discase-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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Non-small-cell lung cancer

Swrvival of non-small-cell carcinoma is closely associated with tumour stage and
treatment, The (reatment-of-first-choice for patients with stage I or IT non-small-cell
lung cancer is surgical resection.™ Even for elderly lung cancer patients pulmonary
reseclion is justified, however, a careful preoperative assessment ought (o be
performed and standard resections should be preferred.'*!'? Some patients with stage
Illa disease will qualify for surgical rcsection, others should be offered combined
radiotherapy and chemotherapy. For most patients with stage IIIb disease, the
preferred therapeutic modality is thoracic radiotherapy in combination with
chemo!herapy.m For patients with stage IV lung cancer, no curative treatment or
‘standard Lherapy’ is available.”*™' 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.'” Adjuvant chemotherapy produces a
significant but clinically small advantage for non-smali-cell lung cancer patients and
should still be considered expertmental.'”*'**

Despite an excellent description of the tumouws'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,"” ' 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
fung cancer patients. Co-morbidity increases the risk of peroperative and postoperative
129132 especially those of the cardiorespiratory system.l18’12"]22']33“134 Co-

35-140 . qa .
! Indeed co-morbidity in
 1oLEA

complications,
morbidity is also an independent prognostic faclor.
elderly patients was found to be associated with less surgery and poor surviva
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,”® This needs to be confirmed in other countries.
The question is whether adenccarcinoma has become a more aggressive mmour,
Specific patterns of mutational activation of oncogenes, such as K-ras and erb-B, or
disruption of tumour suppressor gene function, such as p33, may play a role in
adenocarcinoma with poor survival. >4 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 tumour.'* " Typing of oncogenes or tumour suppressor genes may provide a
more accurate diagnosis and therefore facilitate the planning of suitable therapeutic
approaches, e.g. adjuvant chemotherapy shortly after nndergoing surgery for patients
with cytokeratin 18 positive stage I non-small-ceil lung cancer.
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Small-cell lung cancer

Prior to 1970, irradiation and sometimes surgery were the major modes of treatment of
small-cell lung cancer. The overall 5-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.'™® 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 resuleed in an
increase in survival,''"""? death from recurrent disease occurs within 2 years of
diagnosis in 80-98% of the cases.'"'*'** Furthermore, results of chemotherapy have
reached a plateau and further improvement seems impossible with the currently
available tools,'"”'®'> The response rates and survival rates after combination
chemotherapy with irradiation were moderately higher than after combination
chemotherapy alone,!'>!*+1%7

For elderly patients, whose proportion has been increasing, the survival rate was
tower.' "1 This could also be related to the presence of co-morbidity, which may
complicate treatment and decrease the prognosis.130‘132’161'163

Conclusions concerning trends in prognosis

Despite eatlier detection through the increased use of flexible bronchoscopy and fine
needle aspiration cytology, lymphatic and hematogenons 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-smali-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 Il the incidence of lung cancer has been increasing dramatically
in most Western countiries; 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 19705 or 1980s in North America, Australia, New Zealand and north-
western Burope, 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 subiype 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 beginning of this century but has
decreased since the 1950s or 1960s, except in southern and castern 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 femaie
smokers did not decrease before the 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 adenccarcinoma have been increasing, possibly
because of a shift from high-tar non-filter cigareties toward low-tar filter cigareties
during the 1960s and 1970s, cspecially 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 nitrosamines, 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-small-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-
cell lung 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 on survival.

Prognosis can be improved by early detection — although screening was not associated
with a decrcase in mortality in the United States'™ — and by improvement of the
quality of care. Recogaition 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 agenis 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, becanse 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 influenced by both incidence and survival, 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 inortality among men in North America, Australia,
New Zealand and northwestern Europe will reach a platean 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 beginuning 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 harmful nicotine delivery systems.

Second, the mortality of adenocarcinoma will probably increase worldwide, because of
the increased incidence and the possibly decreased survival due (o 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-maorbidity at the time of diagnosis.
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2.1 Cancer registry, medical care system and region

The Eindhoven Cancer Registry (ECR) was started in
1955 ag part of a programme for nattonwide 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 1). Completeness could be assessed on
the basis of referral patterns and registration procedures. Despite the absence of death-
cerfificate-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.
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Figure 2 Incidence and mortality rates of lung cancer in the southeastern part of
the Netherlands, according to age (years).
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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 1). Access to medical care was casy 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 from about 5 to almost 20 per one million
inhabitants,

Table 1 Basis for diagnosis of lung cancer in the Eindhoven Cancer Registry,

according 1o period of diagnasis and age.
197277 (%)  1978-82 (%) 1983-87 (%) 1988-92 (%)

age <70 years  histology 85 90 18 76
cytology 3 3 17 19
clinical 3 4 3 4
autopsy 3 3 2 1
unknown 7 0 0 0

age =70 years  histology 78 81 6l 59
cytology 5 5 27 28
clinical 7 8 9 i0
autopsy 4 5 3 3
upknown 6 0 4] 4]

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 further 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 19505 and 1960s to about 40% in the 1990s. In contrast, the percentage women
who smoked was very Iow in the 1950s but increased to about 40% between the end of
the 1960s and the end of the 1970s, later it declined.

2.2 Histological classification: codes and changes

Lung tumeurs were classified as small-cell carcinoma, non-smatil-cell carcinoma and
some rare sublypes, according to the WHO classification.! Non-small-cell carcinomas
consisted of squamous cell carcinoma, adenocarcinoma, large-ceil undifferentiated
carcinoma and some rare subtypes, such as adenosquaimous cell carcinoma, adenoid
cystic carcinoma and mucoepidermoid carcinoma. Uncommon tumows weie
mesotheliomas, carcinoid tumours, carcinosarcomas and sarcomas. Malignant
mesotheliomas were located in lhe 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-smali-cell
lung tumours, 2395 small-cell lung tumours, 99 uncommon 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 classification of nonours of the respiratory tract,
ICD-codes
non-small-cell
squamous cell carcinoma 8070-8080
adenocarcinoma 8140, 8230, 8250, 8260, 8480, 8481, 8550

farge-cell undifferentiated carcinoma 8012, 8020, 8021, 8030, 8031, 8310
rare subtypes:

adenosquamous cell carcinoma 8560

adenoid cystic carcinoma 3200

mucoepidermoid carcinoma 8430
small-cell 8040-8043
uncommen lung tumours

carcinoid tumour 8240

carcinosarcoma 2980

sarcoma 8800-8900
malignant mesothelioma 9050-9053

2.3 Staging: classification of partially unknown 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.” 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 probiem 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 rules for staging, the percentage patients with a non-smafl-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 localized 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 N1 and Tx as T1 or T2, but only if the other two
variables (T, N or 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 TI, the group ‘non-localized’ of stages Il {A & B) and IV.

Table 3 Simplified stage classification.

Localized Non-localized
T1/2 N0/1 MO all T N2/3 aliM
T1/72 NO/{ Mx T34 all N all M
T1/2 Nx MO aHT ai N M1
Tx NO/1 MO

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 (o 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. Fuarthermore, 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):? limited disease (confined to one hemithorax including hilar, ipsilateral and
contralateral mediastinal and ipsilateral and contralateral supraclavicular lymph nodes)
and extensive discase (any disease at sites beyond the definition of limited disease).
Data on tumour stage collected since 1990 could be used for analysis of treatinent 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-small-cell lung cancer after conversion,
1975-79 1980-84 1985-89 1990-92

age <70 years
tocalized (%) 31 34 37 33
non-localized (%) 58 60 58 63
unknown (%) i1 6 5 4
age =70 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 pragnosis for patients with co-morbidity is likely to be worse,
independent of age, discase stage, and type of treatment. The Eindhoven Cancer
Registiy, 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). 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 lung 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 eptdemiologist studied the clinical records of
patients when disagreement occwrred between the chest physician and the registry
team, In total 103 of 132 diseases were correcily 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)/(132432) = 82%). There was an underestimation of the
total number of diseases by the registry of 8% (11/132). The number of cardiovascular
diseases was underestimated by 27%, while the occurrence of COPD was
overestimated by 6%.
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Table 5 Classification of co-morbidity, according to an adapted version of the
list of Charlson et al. (1987).

Chronic Obstructive Pulmonary Disease (COPD) (medically treated)
Cardiovascular diseases:
myocardial infarction, cardiac decompensation, angina pectoris, peripheral
arterial disease, intermillent claudication, abdominal aneurysm
Cerebrovascular diseases (cerebrovascular accident, hemiplegia)
Other nialignancies (except basal cell skin carcinema)
Hypertension {medically treated)
Diabetes Mellitus (medically treated)
Other:
connective tissue diseases (Besnier Boeck disease (sarcoidosis), Wegener's
granufomatosis, systemic lupus erythematodes)
rheurnatoid arthritis (only severe)
kidney diseases {chronic glomerulonephritis, chronic pyelonephritis)
bowel diseases (Crohn's disease, ulcerative colitis}
Hver diseases {cirrhosis, hepatitis)
dementia
fuberculosis

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 ihe cancer registry,
Correct*® Overestimation  Underestimation Total
co-morbidity N (%) N (%) N (%) N(=100%)
COPD 23 (74) 5 (16 3 (10 31
cardiovascular 28 (64) 2 5 4 (32) 44
hyperiension 18 (95 (05 0 19
other malignancy 16 (100} 0 @ 0 (@ 16
melabolic disorder 8  (§9) 1 ({15 0 9
other diseases 10 (7) (L (4)] 3 (23 i3
total 103 9 20 132
* correct registration by the cancer registry (opinion of the epidemiologist was the
golden standard}

Improvement in the registration of cardiovascular diseases was achicved by adding
names of diseases 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 were 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 ‘Buropean 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 1 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 S-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.® 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).®®

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 FEuropean data: EUROCIM and EUROCARE

For comparison of inctdence 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)." 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 Ilung cancer
incidence by histological type in south-east Netherlands, 1960-
1991°

Abstract

Changes in hung 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 Reck J, van der Heijden LH,
Schipper RM, Coebergh FWW. Striking changes in smoking behaviour and lung cancer incidence by histological
type in south-east Netherlands, 1960-1991, pp. 949-52, Copyright (1995), with permission 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."* Previous reporis have
suggested that the mortality rate for lung cancer among Dutch men has changed
markediy: a decline is now apparent after a marked increase since the World War I1. In
contrast, female lung cancer mortality has increased steadily.s S 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 hung
cancer,” and relative risks of smoking are higher for squamous cell carcinoma and
small-cell carcinoma than for adenocarcinoma,®!® 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 Bindhoven 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 complete area
together with the northern part of the adjacent province of Limburg since [970. 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’.'* 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 from 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).” Age-
specific incidence rates were calculated per 10-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 1981.1°

Figure I Age-standardized incidence and mortality rates for lung cancer, 1960-
1991, and percentage of male smokers in southern Netherlands between
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Figure 2 Age-specific incidence rafes for lung cancer in the southeastern part of
the Netherlands, according to 10-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 southeastern 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 1a). Between 1960 and 1981, the number of cigareltes smoked per day
among males rose from 18 to 23. Age-adjusted incidence rates for females increased
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from | per 100,000 person-years in 1960 to 11 in 1988 and then stabilised (figure [b),
In conlrast to men, the percentage of female adult smokers in the southern Netherlands
increased strongly from 27% in 1960 to 40% in 1967, After 1979, it decreased to 36%
in 1981 {figure 1b). Between 1960 and 1981, the number of cigareltes 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 1a and
b). The incidence rate increased for men born between 1830 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 incieased
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 plaleau 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 better detection and verification of
the diagnosis through flexible bronchoscopy and cytology."* The percentage of
cytological verification increased from 0% in 1960 to 11% in 1977 and to 22% in
1991, The presumably more rapid decrease in mortality due to cardiovascular discases
since 1970 may also play a role,'>!¢

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

smokers since 1938 was followed by a reduction in male lung cancer incidence after
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Figure 3 Age-standardized incidence rates in the southeastern part of the
Netherlands, according to histological type.
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20-25 years. In the earlier male birth cohorts, the average duration of exposure to
cigarettes was longer than in later birth cohorts, Whereas the number of cigarettes
smoked per day by those who continved 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.™!”
Whereas previous studies, covering the Netherlands as a whole, have shown similar
trends in lung cancer mortality, our study seems to show a more exfreme 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 Netherlands."**' 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 Nethertands were among
the lowest in the Netherlands and in Europe up to 1980,"%*' 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
mates of squamous cell carcinoma and small-cell carcinoma, both of which are related
to smoking more than adenocarcinoma,® ' 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,**' is not likely to be related to the use
of the new WHO-classification since 1981,%* 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 fo
other risk factors relevant (0 this area, such as occupational exposure (heavy

metais).g’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 cancer incidence in areas 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 rural 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 sinokers in Valkenswaard was still 50%
higher than in other rural municipalities. According to Duich national surveys
performed since 1958, 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 Regisiry, we calculated incidence rates for
lung cancer in municipalities with tobacco-processing industries and, because of the
different smoking behaviour, in urban and rural municipalitics.®

* Reprinted from Eur J Cancer, 32A. Janssen-Heijnen MLG, Coebergh TWW, van Reek . Very high male lung
cancer incidence in areas with tobacco industries, p 2373, Copyright {1996), with perimission from Elsevier
Science.
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Figure 1 Trends in geographical distribution of smoking behaviour, according to
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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 wban than in rural 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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Figure2 Trends in geographical distribution of lung cancer incidence (World
Standardized Rate),

a) male

200
160 -

120 o

80 1 ~&— tobacco-industry

—¥—urban
—B— rural

40

Rate per 100.000 (men)

0 TrTiIirTfFrfFrTITrrrrrrrrrIrrITrIvrrTyrsong
& 0 P
9 N Sk

year of diagnosis
b} female

257 —#— tobacco-industry

20{ —*—urban
~—&— riral
15 1

Rate per 100,000 (women)

year of diagnosis






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.
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4.1 Trends in survival of nen-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°

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 adenocarcinema and large-cell undifferentiated carcinoma
increased from 11% to 21% and from 11% to 15%, respectively, while that with
squamous cell carcinoma decreased from 78% to 62%. The increase in the proportion
with adenocarcinoma was only found among men. Althongh 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
tumours, while relative |- and S-year survival rates for adenocarcinoma have
decreased from 59% to 45% and from 28% to 18%, respectively, because of a decrease
in localized mmours. The proportion with localized tumours and the relative l-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, Janssen-Heijnen MLG, Schipper RM, Klinkhamer PIIM, Crommelin MA,
Mooi W, Coebergh JWW. Divergent changes in survival for histological types of non-small-cell lung 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-cell lung cancer is often considered to be
one clinically uniform category, several studies indicate that swrvival may differ
according to histological subtype, being better for squamous cell carcinoma and
adenocarcinoma than for large-cell undifferentiated catcinoma.'™ The morphological
distribution of non-small-cell lung cancers has been changing in many counlries,
including the southeastern part of the Netherfands: the incidence rates for
adenocarcinoma and large-cell undifferentiated carcinoma have increased, whereas
that for squamous cell carcinoma has decreased.*® The overall survival rates for non-
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 tluee 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 (o establish cancer registries with a
completcness exceeding 95%.'"% The percentage of clinical diagnoses without
histological confirmation remained steady at 5% for patients aged younger than 70 and
11% for those over 70 years. Between 1975 and 1994 10,149 lung cancer palients were
diagnosed: 7273 non-small-cell lung cancer, 1796 small-cell lung cancer, 471 other
lang 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 o determine vital status by the municipal population administrations
occurred on | April 1994: 538 patients (8.5%) were still alive, 5738 paticnts (91.1%)
were dead and 22 patients (0.4%) were lost to follow-up.

Non-small-cell lung mwmours were classified as squamous cell carcinoma,
adenocarcinoma, large-cell undifferenfiated carcinoma, and some rare subtypes
(adenosquamous cell carcinoma, adenoid cystic carcinoma, mucoepidermoid
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carcinoma and others) according to the WHO classification.'' 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-Meltastasis (TNM) system of the Union Internationate
Contre le Cancer, version 4.'> Data on tumour stage collected since 1980 can be
cansidered to be reliable. For analysis of treatment policy, the clinical TNM was used.

Table 1 Characteristics of patients with non-small-cell Tung cancer diagnosed
between 1975 and 1994, according to period.
1975-79 1980-84 1985-89 1990-94
No. (%) No. (% No. (%) No. (%)
Sex
Male 1423 (95) 1695 (94) 1761 (90) 1737 (%)
Female 67 (5 17 (@© 205 (1) 268 (i3)
Age {ycars)
<76 979  (66) 1130 (62) 1188 (60) 1186 (59)
270 11 (34) 682 (38) 778 (40) 819 (41}
Histology ’

Squamous cell 1163  (78) 1324  (73) 1300 {66y 1243 (62)
Adenocarcinoma 170 (295 16y 397 (200 425 (2D
Large-cell undiff. 157 (1) 189 (1) 239 (12) 298 (i5)
Other o (O 4 © 30 @ 39 @
Stage of disease
Age <7t years

Localized * 368  (33) 424 (36) 395 (33)
Non-localized * 694  (61) 694  (58) 726 (6])
Unknown * 68 {6) 70 (6 65 (6}
Age 270 years
Localized * 170 (25) 252 (33 292 (36)
Non-localized * 378 (55) 382 (49y 378 (46)
Unknown * 134 (20) 144  (18) 149 (I8
Therapy
Age <70 years
Surgery 32 (33 317 (28) 338 (28) 327 (28)
Surgery+radiotherapy 38 {6} 98 (9) s (1m 2 ()]
Radiotherapy 372 (38) 480 (42) 533 (45} 507 (43
Chemotherapy 56 (3) 36 (3) 16 §9; 11 (H
‘Other or none’ 72 (18} 199  (18) 186 (16) 229 (19
Age 270 vears
Surgery 42 (8) 61 S 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 nong’ 193 37y 247 (36) 292 (37} 264 (32
total 1490 1812 1266 2005

* only data on tumour stage collected since 1980 can be considered (o 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 from life
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.'* The
standard errors of survival rates were caleufated according to Greenwood's formula,™
Survival rates were compuied according to sex, age group (<70 years, 270 years),
histological subtype and stage of disease for the perieds 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 in stage distribution of non-small-cell lung cancer, according 1o
histological type (%).
Histology Stage 1980-84 1985-89 1990-94
% %o %
Squamous cell Localized 30 37 KLY
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
Pnknown 10 8 9
Total N=293 N=397 N=425
Large-cel undiff. Localized 15 20 18
Non-localized 78 71 15
Unknown 7 9 7
Total N=189 N=239 N=298
Results

General characteristics

In total 7273 patients with non-small-cell lnng cancer were diagnosed between 1975
and 1994 (6616 men and 657 women). The age-standardized incidence rate (WSR) for
men increased from 59 per 100,000 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 100,000 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 paticnts are shown in table {. 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 [970s mainly endoxan) has
decreased markedly.

Trends in stage distribution and treaiment 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% lo 38%. For patients with squamous cell carcinoma the
proportion with localized tumowrs 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 clearly 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 paticnts 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 1).

Table 3 Relative 1- and S-year survival rates for patients with non-small-cell
lung cancer, according to period.
Relative I-year survival Relative 5-year survival

1975-79 1980-84 1985-89 1990-92 1975-79 1980-84 1985-89

%(SEY  %(SE" %(SE" B(SEY)  B(SEYH %GB %(sth
AlINSCLC 48 (1) 47 (1) 48 (1) 47 () 15 (1) 15 (Iy 17 (D
Squamous cell 48 (2) 49 (1) 51 () 51 (2 4 () 14 (1) 16 ()
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 11 (3) 7 (2 10
Men 47 (1) 47 (1) 48 (1) 47 (2 15 (1) 15 (1) 16 (D)
Women 54 (1) 45 (5) 46 (4) 44 (5) 21 (6) 18 (4 17 (3}
Age<70ycars 50 (2) 50 (2) 52 (2) 48 (2) 18 (1) 19 (1) 19 (1)
Age>TOyears 42 (2) 41 (2) 41 (2 46 3) 8 (2) 6 (D 11 (1)
Lacalized % 76 (2 8 (2) 15 () * 37 (2) 38 (2
Non-localized ~ * 32 (2) 30 (2) 29 (2) O+ 4 (y 4 (D
*Standard Errar
*Only data on tumour stage collected since 1980 can be considered reliable.
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Figure 1 Trends in treaiment of patients with non-small-cell lung cancer,
according to histological type.
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Sturvival

Overall, refative 1-, 5- and 10-year survival rates for paticnts with non-small-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 1-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-year 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 (1-year survival rates decreasing
from 63% to 46%) and for men (1-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 celf 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
countries,”®"'® 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.”™ """ 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,"" cannot be responsible for the increase. Furthermore, in our data sct the
rise in adenocarcinoma was not caused by an increase in bronchioloalveolar
carcinoma, as has been observed by others.'®!” Changes in exposure to risk factors,
such as the increased use of filter cigarettes,”' probably play a role.

Large-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
incidence varies with the criteria used to classify the other forms of non-smali-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;*
sometimes the term is used to distinguish them from small-cell tumours. In the mid-
1950s 18 of 52 large-cell undifferentiated carcinomas (35%) could be reclassified as
squamous cell carcinoma and seven (13%) as adenocarcinoma. Thus, the observed
decrease in squamous 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 use of more
refined techniques may have occurred.

Despite increased application of better diagnostic technigues 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 more aggressive tumour,

Despile 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® but not in
Scotland.” In a study in Germany micrometastascs in patients with apparently localized
fung cancer occurred more often in adenocarcinoma patients,*

Between 1978 and 1985, 1-year survival rates in Ewrope 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%.'"
Survival of lung cancer, regardless of histological type, in European countries has not
improved over time.” 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
carcinoma;?® 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 lecalized tumours, while the
stage of disease at diagnosis and the prognosis for adenocarcinoma patients became
worse, especially for younger patients, For patients with large-cell 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 cannat be
excluded.
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4.1.2 Common factor for the rising incidence and decreasing survival
of adenocarcinoma 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 1-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
use of low-tar filter cigarettes being the most likely candidate.



64 Chapter 4

Introduction

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 the southeastern part of the Netherlands as well as in many
other countries, whereas the incidence of squamous ccll carcinoma decreased.’” 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.® Since such a
decrease in survival for patients with one of the histological subtypes of non-small-cell
lung cancer is unusuat in an area with good access to specialized care (medically,
financially and geographicatly), 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 Registry 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 cylological confirmation remained steady at 5% for paticnis younger
than 70 and 11% 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.'® Stage of disease was
recorded on the basis of clinical and/or pathological examination: if available, the
postsurgical TNM was used, otherwise the clinical TNM.Y The patients were divided
into two categories: localized (stages I and IT) and non-localized (stages Il (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)."?
We also calculated the proportional distribution of histological subtypes for each 10-
year birth cohort, according to 10-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 | 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."”” We used a relative swrvival analysis
(Relsurv programme)'*" 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 1973-79, 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.® 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 calcufating 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-small~cell lung cancer was diagnosed between 1975
and 1994; 1287 had adenccarcinoma (1030 men and 257 women). The peak in
incidence rates (ESR) for adenocarcinoma among nmien was reached in 1985, whiie that
for squamous cell carcinoma was already reached in 1978. Among women the
incidence rates for all histological subtypes of non-small-cell lung cancer increased
until 1994. The proportion of adenocarcinoma among non-small-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-smali-cell
lung cancer has been increasing among men born since 1920, while there was no such
trend among women (table 1),

There was a irend toward a more advanced slage among younger patients (the
proporiion 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 tamowrs 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. Affter



Men Age cohort 20-48 yrs | Age cohort 50-59 yrs | Age cohort 60-69 yrs | Age cohort 70-79 yrs | Age cohort 80-99 yrs

Birth cohort | % mean N % mean N % mean N % mean N % mean N
AC  age AC  age AC  age AC  age AC  gge

1890-1899 11 783 66 8 83.9 121

1900-1909 10 683 173 |8 748 868 [9 83.0 285

1910-1919 9 585 91 12 658 1141 |12 740 1114 |9 812 67

1920-192% |12 486 25 19 564 596 20 64.8 1139 (16 71.5 190

1930-1939 |20 46.3 139 |30 553 331 |22 615 162

1940-1949 |27 437 139 |34 517 41

1950-1959 {44 339 18

Women Age cohort 20-49 yrs | Age cobort 50-59 yrs | Age cohort 60-69 yrs | Age cohort 70-79 yrs | Age cohort §0-99 yrs

Birth cohort | % mean N % mean N % mean N % mean N %o mean N
AC  age AC  age AC  age AC  age AC  age

1890-18%9 - - 3 50 8§49 12

1900-1909 ——nn ---- 9 34 746 35 44 842 32

1910-1919 -—- —mm 2 42 66.1 33 30 176 -— —en 6

1920-1929 |- - 2 44 566 350 42 64.9 142 139 712 18

1930-1939 |50 46.7 34 34 555 100 |40 61.8 20

1940-1949 |50 431 52 42 522 12

1950-1959 |35 379 23

The mean age and the number of patients reflect all patients with non-small-cell lung cancer.
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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 born between 1890 and 1930, whereafter it incieased again
(P<0.01). The hazard rate ratio for period of diagnosis increased from 1975-79 to
1985-89 (P<0.01). The hazard rate ratio in women increased for those born since 1940,
but there was no significant effect for period of diagnosis (P=0.4).

Table 2 Trends n relative [- and 3-year survival rates for patients with
adenocarcinoma, according to age, gender and stage.
Relative F-year survival Relative 3-year survival

1975-79 1980-84 1935-89 1990-92  1975-79 1980-84 [985-89 1990-92
%(SE" %(SE" %(SE" %(SEY)  %(SEY) %(SE") %(SE" %(SE"

Overall 59 (4) 49 (3) 46 (3) 45 (4) 36 (4 27 (3) 25 (2) 24 (})
Age <70 years 63 (4) 56 (4) 49 (3) 46 (4) 38 (5) 33 (1) 27 (3) 26 (4
Age 270 years 47 9) 29 (6) 34 (6) 46 (T} 29 (9) - 2 (5) -

Men 61 (4) 48 (3) 47 (3) 45 () 39 (5) 26 (3) 24 (3) 23 (4)
Women S3(10) 51 (7) 43 (6) 44 (7) - 30 (7) 27 (6) 26 (T
Localized * 81 (4) 84 (3) 77 (4) 5 54 (4) 57 (4) 49 (5)
Non-focalized * 23 22 (2 23 (3 # 5(2) 6() 8§ ()

# Standard Error

* Only data collected 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 tor 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.'®!” Most of the increase in the incidence
rate for adenocarcinoma among men appears (o be real. It has been previously
suggested that this increase may be due to the increascd use of low-tar filter cigarettes

since the 1960s, especially since they only found an increase in adenocarcinoma
among smokers.*'" 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
tumowrs in the peripheral lung zones, where a substantial number of pulmonary
adenocarcinomas arise.”® Furthermore, low-tar filter cigareltes may increase the risk
for adenocarcinoma because of their higher nitrate content.” Younger people in the
Netherlands were more 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 Hazard rate ratios for birth cohort and perviod of diagnosis, stratified
according to gender.
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While the prognosis for patients with the other histological subtypes of non-small-cell
lung cancer remained unchanged,” we have searched for explanations for the decline in
the survival rate since 1975 for male patients with adenocarcinoma of the ung 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
detay. 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 increased 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 (umour.
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 cigareite
smokers in 1997 (data derived from pericdic surveys in the Netherlands). As described
above, filter use 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 adenocarcinema phenotype in fung cancer, have been shown
in several studies to be associated with 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 TImprovement and plateau in survival of smail-cell lung cancer
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 sincc
1975, when cytotoxic therapy emerged.

Results: The proportion patients receiving chemotherapy, with or without irradiation,
almost tripled from 30% to 82% for patients younger than 70 years of uge 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 younger than 70
{median survival increased from 5 to 10 months). Two-year survival remained poor
(8%). Two percent of all patients younger than 70 years at diagnosis survived for at
least 8 years, but these 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 Oncol, 9. Janssen-Heijnen MLG, Schipper RM, Klinkhamer PIIM, Crommelin MA,
Coebergh IWW, Improvement and plateau in survival of sinall-cell lung cancer since 1975, a population-based
study, pp 543-7, Copyright (1998), with kind permission from Kluwer Academic Publishers,
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Introduction

Small-cell lung cancer (SCLC) accounts for approximately 20% of all lung tumowrs
among males and 25% among females in the southeastern part of the Netherlands.’
SCLC has the poorest prognosis of all lung cancer cell types, particularly because of
the rapid growth rate and early metastatic spread;™’ median survival for selected and
unselected patients is about 12 months for limited disease and only about six months
for extensive disease.® 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 improvement of cytotoxic therapy over the last two
decades, survival for patients with SCLC appears to have improved,” but only little is
known about trends in long-term survival for unsclected patients.,”'® We studied
treatment policy for and both short-term and long-term survival of unselected patients
with SCLC diagnosed in the southeastern part of the Netherlands since 19735, the
period of development of cytofoxic 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 palients, increased from 10 to 20 per one 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
infrastructure of the Dutch health care system has made it possible to establish cancer
registries with a completeness exceeding 95%."

Between 1975 and 1994 10,149 lung cancer palients were diagnosed in the
southeastern part of the Netherlands: 7273 non-smali-cell lung cancer, 1796 small-cell
lung cancer, 471 other lung tumours and 609 clinically diagnosed lung fumours.

All patients diagnosed up to 1992 (N=1585) were included in survival analysis: there
was active follow-up until 1 April 1994. Of these 1585 SCLC patients 30 (2%) were
still alive and 1555 (98%) were dead; none were uniraceable. Patients who were
diagnosed at autopsy or died within the first month of diagnosis were excluded from
the survival analysis (N=242, [5%). 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 lung cancer diagnosed
between 1975 and 1994.

1975-719 1980-84 1985-89 1990-94
No. (%) No. (%) No. (%) No (%)
Sex
Male 372 (93) 398 (92 369 (85 427 (8D
Female 27 €)) a5 (8) 65 (15 103 (19)
Mean age (range) 64 (34-91) 64 (31-88) 65 (37-839) 66 (36-92)
Therapy
Age <70 years (N=1207)
Surgery 29 (1) 14 {5) 12 )] 31 3)
Radiotherapy (RT) 98 (35 220 (D 7 (@ 12 @
Chemotherapy (CT) 36 (13) e (39 150 (51) 191  (56)
CT +RT 47 (17 77 (26) 77 (26) 88 (20)
Other or none 70 (25) 67 (23) 47  (i6) 38 (11)
Age 270 years (N=589)
Surgery 6 (5} 3 (2) 2 ) 6 3)
Radiotherapy (RT) 45  (38) 16 (12) i2 )] il {6)
Chemotherapy (CT) 7 @) 58  (42) 66 (47) 81 (43)
CT+RT 11 9 14 (1) 17 (12) 25 (13)
Other or none 56 (42) 48 (35 44 (31) 67  (35)
Total 399 433 434 530

Cancer Study Group (VALG)."” Two categories were considered: limited disease
(confired to one hemithorax including hilar, ipsilateral and contralateral mediastinal,
and ipsilateral and contralateral supraclavicular lymph nodes) and extensive disease
(any discase 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 o 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 fo smali-
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, '™ 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 Greenwood's formula.'

Table 2 Treatment (%} of small-cell lung cancer, according to age and stage (1990-

1994},
Stage of discase
Age (years) Limited Exlensive unknown
<70 Number {%) _ 139 (41) 128 (38) 7321
Treatment (%)
Surgery 6 0 4
Radiotherapy 3 4 4
Chemotherapy 49 62 60
Chemo+radiotherapy 35 19 21
Other or none 7 16 11
270 Number (%) 68 (36) 62 (33) 60 (31)
Treatment (%)
Surgery 7 o 2
Radiotherapy 9 5 3
Chemotherapy 41 45 42
Chemo+radiotherapy 28 8 2
Other or none 15 42 52

Resulfs

Distribution of prognostic factors

The general characteristics of the patients, according to period of diagnosis, are listed
in table I. 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 years).
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 propertion patients who
underwent surgical resection or irradialion 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 (reated less aggressively, especially
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thase 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 survival’, according to gender, age and stage, in all SCLC patients
diagnosed between 1975 and 1992,

1975-79 1980-84 1985-89 1990-92

Diagnosed at autopsy or 14% 14% 16% 18%
dead within I month
All SCL.C {N=1585) median (months} 5 7 9 9
0.5 yr (SE%) $3%E) 58%E) 0%E) T1%3)
1 yr (SE¥) 16% (2} 25% (2) 34% (2) 35% (3)
1.5 yrs (SE*) 10% (2} 119% (2) 13% (2} 10% (2)
2 yrs (SE*) T% (1} 8% (1) 8% (1) 8% ()
Gender
Males (N=1395) median {months) 5 7 9 S
Females (N=190) mediari {months) 6 9 11 9
Age
<70 yrs (N=1073) median (months}) 5 8 10 10
270 yrs (N=512) median (months) 5 5 6 6
Stage of disease
Age <70 yrs
Limited (N=85) median (months) 13
Extensive (N=76) median (months) 8
Unknown (N=43) median (months) 8
Stage of disease
Age =270 yrs
Limited (N=29) median {months) 10
BExtensive (N=43) median {months) 5
Unknown (N=41) median {months) 3

* Conditional on being alive at | month since diagnosis
* Standard Error

Survival

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 those over 70. For those alive after 1 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 1). 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<0.0} 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
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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 years. 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 tummour 4.2 years after diagnosis of the first temour;
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 1, 3, 5, and 8 years, respectively, increased from
12% conditional on being alive after 1 year to 61% conditional on being alive after 8
years (table 4).

Table 4 Relative 5-year survival (%) for patients (<70 yrs) who were still alive at
given intervals after diagnosis (1975-1989).

Interval after diagnosis

vear 1 (se¥) year 3 (se*) year 5 (se¥) year § (se¥)
Survival 12% (2) 56% (10} 59% (13) 61% (16)
proportion of initial group 24 4 3 2

* Standard error

Discussion

In the southeastern part of the Netherlands chemotherapy has been first-choice therapy
for patients with SCLC since the beginning of the 1980s. Short-term survival (<2
years) has almost doubled since 1975, espectally 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
(CDE) has been the standard combination in the southeastern part of the Netherlands
and had not evolved to a platinnm containing regimen during the study period.
Nonetheless, despite initial chemosensitivity, the majority of patients relapse or
develop a second tumour and die;' ' results of chemotherapy seem to have reached a
platean 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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Figure 1 Trends in relative survival of small-cell lung cancer

according to age.
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with limited disease who received chemotherapy and radiotherapy was significantly
better than for those receiving chemotherapy alone, '

Our data do not show an improvement in median survivat over time for older patients,
which may be due to less aggressive freatment 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-mortbidity are likely to benefit from combination
chemotherapy.®*' Moreover, doxorubicin appeared to have no influence on cardiac
arrhythmias in smatl-cell lung cancer patients with cardiac disease.”® In a Canadian
study elderly patients were treated less aggressively than younger patients, but survivat
was simitar for the two age groups.”

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.” Two of these ‘long-term’ survivors developed a
second malignancy: a non-small-cell lung tamour and a pancreatic tumowr. In other
studies non-smali-cell lung cancer developed in 0.5% to 24% and other malignancies
in 3% to 11%.>"%%>! However, the numbers with second malignancies in these studies
were very smatil.

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

Absitract

Background: with the rising mean age of lung cancer patients, the number of patients
with serious co-morbidity at diagnosis is increasing. As a resull, 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 ils association with morphology, stage and treatment.

Patients: a total of 3864 lung cancer patients registered in the population-based
registry of the Comprehensive Cancer Centre South between 1993 and 1993,

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) (229%) 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-cell lung tumour, was
cspeciaily 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.

Conclusions: the prevalence of co-morbidity, especially cardiovascular diseases and
COPD, among lung cancer paticnts is about fwice as high as in the general population,
Co-morbidity secems to be associated with earlier diagnosis of lung cancer, but it may
also fead to less accurate staging and less aggressive freatment, Thus, prognosis is
likely to be negatively influenced by co-morbidity.

* Reprinted from Lung Cancer (in press). Janssen-Heijnen MLG, Schipper RM, Razenberg PPA, Crommelin
MA, Coebergh I'WW. Prevalence of co-morbidity in lung cancer patients and its relationship with treatment: a
population-based study, Copyright (F998), 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.! 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, > The prognosis for patients with co-morbidity may also be worse,
independent of age, disease stage, and type of treatment.** The Eindhoven Cancer
Registry, at the request of clinicians, has been collecting data on clinically relevant
concomitant disecases 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, especiafly 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 Classification of co-morbidity, according to an adapted version list of

Charlson et 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

fuberculosis

Patients and methods

Data were 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).'

We validated if the registration clerks had recorded co-morbidity correctly from the
medical records by evaluating the records of 127 consecutive 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 grafting (CABG), bypass and percutaneous transluminal coronary
angioplasty (PTCA) had sometimes been disregarded. The occwrence 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 discases and COPD, we increased
the prevalence of cardiovascular discases recorded in the period 1993-95 by 27% of
the originally recorded prevalence and we decreased the prevalence of COPD by 6%.
Lung 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.'' Tumour stage was recorded in the Eindhoven
Cancer Registry on the basis of clinical examination, according to the Tumour-Node-
Metastasis (TNM) system of the Union Internationale Contre le Cancer, version 4,
1987.'% Non-small-celi tumours were classified as: localized (stages T and IT) and non-
localized (stages Illa, l{Ib and EV). 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 limited disease). However, for almost
30% of smali-cell lung tumours the stage was unknown.

In this survey we analysed the prevalence of co-morbidity for lung cancer patients
according to gender, age (<70 and =70 years), morphology 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 %” 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 paticnts 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.
Age (years)

Number of concomitant diseases <70 70-99
None (%) 40 24
1 (%) 34 36
2 (%) 13 22
=3 (%) 5 11
Unknown (%) 8 7
Number of patients 2331 1533

The prevalence of co-morbidity for lung cancer patients of 70 years or older (69%)
was higher than for younger patients (52%) (P=0.001) (table 2). Figure 1 shows the
prevalence of co-morbidity for lung cancer patients according to gender and age. The
most frequent concomitant disease was cardiovascular disease (23%), followed by
COPD (22%), other malignancics (15%), hypertension (12%) and diabetes mellitus
(79%). Most of the other malignancies were cancers of the respiratory tract (36%); other
frequently occurring malignancies were cancers of the wrogenital (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=0.001) (figure 1). 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 (1 1%).

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 sguamous cell carcinoma of the lung (64%) (table 3)
(P=0.001). '

The prevalence rates for COPD (P=0.001), 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=0.05) 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 and women,

men (N=3183) age (yrs)
<70 704

no co-morbidity
cardiovascular
pulmonary disease
cerebrovascular
other malignancy
hypertension
diabetes

other

unknown

percentages correcled after validation study
more concomitant diseases per patient possible

women (N=681) age (yrs)

no co-morbidity  44%
cardiovascular
pulmonary disease
cercbrovascular
other malignancy
hypertension
diabetes
other

unknown

percentages correcled after validation study
mors concomitant diseases per patient possible
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Treatment

The resection rate for patients with locatized (clinical stage I or II) non-small-cell lung
cancer decreased with an increastiig number of concomitant diseases from 94% to 70%
for patients younger than 70 years of age (P=0.001) and from 63% to 49% for older
patients (P=0.4). The resection rate was especially low for younger patients with
COPD (only 67%, P=0.001) or diabetes (64%, P=0.001}. 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-smali-cell
lung cancer was evaluated by use of a multivariate logistic regression model. Bath age
and co-morbidity were independently associated with surgery (P for age was 0.0001
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’ non-smalt-
cell lung tumours. The cxtent 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 2¢). In the multivariate logistic regression model, only age
was independently associated with chemotherapy for small-cell lung cancer (P=0.0001
for age and P=0.25 for co-morbidity),

Table 3 Proportional distribution of co-morbidity” in lung cancer patients,

according to histological rype and age.
Squamous-cell  Adenocarcinoma Large-cell undiff, Small-cell

Age (yrs) <70 20 <0 270 <70 20 <70 270
Co-morbidity % % % Yo T To % Yo
N=852 N=681 N=391 N=I148 N=347 N=198 N=435 N=232

COPD 23 31 i7 23 14 24 4 22
Cardigvascular 20 30 17 29 i6 28 20 28
Cerebrovascular 3 7 2 6 3 5 3 6
Other malignancy 14 19 12 15 15 17 9 14
Hypertension 11 13 10 19 9 11 11 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 I 5 g 10 9 6

" more per patient, total >100%
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Figure 2 Choice of therapy for patients with lung cancer, according to number of
conconitant diseases and age.
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Discussion

The most common concomitant diseases among patienfs 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 tocalized tumour. As expected, the prevalence increased
with age. The resection rate for patients with a localized non-small-cell 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 stightly with the number
of co-morbid conditions, but only for patients over 70 years of age.

Table 4 Proportional distribution of co-morbidity’, uccording to stage.

Non-smail-cell carcinoma Small-cell carcinoma
Stage Localized  Non-localized Unknown Limited Extensive  Unknown
Co-morbidity %o o o % % %

N=1006 N=[380 N=231 N=268 N=254 N=145
COPrD 28 18 33 20 13 19
Cardiovascular 26 20 21 23 23 21
Cerebrovascular 4 3 6 4 3 i
Other malignancy 18 13 19 9 8 16
Hypertension 13 10 13 I 13 10
Diabetes mellitus 7 6 3 8 5 9
Other

9 7 12 10 6 6
None 26 a7 19 37 40 27
Unknown 6 8 10 5 9 12

*more per patient, total »100%

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-based screening and case finding. In the general
population, the prevalences of cerebrovascular diseases, diabetes mellitus and
dementia increased with age,”'” 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.'® As expecled, the prevalence of smoking-related diseases, such
as cardiovascular and chronic pulmonary diseases, for lung cancer patients in our
study was higher than that for patients with other tumours and in general practices.'"
The fact that smoking is by far the most important risk factor for lung cancer most
likely explains the high prevalence of other smoking-related diseases, such as COPD,
cardiovascular diseases and malignancies of the respiratory, urogenital and digestive
tract.”® The higher prevalence of these diseases among men (the same as was found in
a study by Havhk et al)}'® and patients with squamous cell carcinoma, supports this
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hypothesis because these two groups contain the highest proportions of smokers.”""*

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 role in the high prevalence of
cardiovascular diseases and diabetes among Iung cancer patients,”

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 co-morbidity are
higher. However, the association between stage of disease and co-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 a2 more advanced stage of their lung cancer because
the symptems of lung cancer are overshadowed (‘camouflage’ bias).”* On the other
hand, lung cancer patients may be diagnosed in an earlier stage as a result of regular
surveillance of other chronic 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
discases 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 discase
(table 4) may poeint to the fact that co-morbidity leads to less accurate staging. The
relationship between stage of disease and co-morbidity differed between the various
discases, 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 prevalence of co-morbidity was also higher than for those with

non-localized disease.®

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,”?® the lower rescction rate for patients with a localized
non-small-cell lung tumour and serious co-morbidity is not surprising. In previous
sfudies, cancer patients with higher levels of co-morbidity were treated less
aggressively than those with lower levels, independent of age and stage of discase.””
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.” In the United Kingdom the lower resection
- rate in the elderly could not be explained by performance status at presentation.”? The



90 Chapter 4

propottion 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.”®!
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.*** 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.**

Conclusion

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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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 Burope, especially in order to determine international variations and changes
in incidence and survival rates over time.

We used data of lung cancer paticnis diagnosed between 1978 and 1992 in eleven
cancer registries with a high proportion of histologically verified cases (N=141,4380).
These registrics were 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
smail-cell carcinoma increased in Denmark 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.
However, survival of squamous cell carcinoma decreased slightly in Finland and
France, and survival of adenocarcinoma decreased in Finland and the Netherlands.,
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 fargely
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
heen decreasing in some regions.
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Introduction

Lung cancer is often classified as smali-cell lung cancer and non-smali-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.' In Ttaly, the
Netherlands and Switzerland a proportional increase in the incidence of
adenocarcinoma was found.>* Overall survival for lung cancer in European cancer
registrics 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,5° while survival of non-small-cell carcinoma had
remained approximately constant,'®™ In the southeastern part of the Netherlands
substantial variations were found for trends in survival of the histological subtypes of
non-smalt-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.'' 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 1. For Yorkshire only data of patients younger than
65 years were used, because the percentage histologically verified cases among the
elderly was too tow. 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-small-cell lung tumowss comprised squamous celt
carcinoma (ICD 8070-8080), adenccarcinoma (ICD 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 adenosquamous cell carcinoma (ICD
8560), adenoid cystic carcinoma (ICD 8200} and mmucoepidermotid carcinoma (ICD
8430), according to the WHO classification,"

incidence rates were derived from the EUROCIM (European cancey 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)."”

We calculated crude [-year survival rates using the life table method. The standard
errors of survival rates were calculated according to Greenwood's formula,' 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 patieats
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,’

Table I Selected cancer registries.
% histological verification®
age (years)
Available yearss % DCO N all <65 65-99
Calvados (France) 1978-1989 N.AT 2084 90 94 87
Doubs (France) 1978-1992 NAK 2312 87 94 83
Denmark 1978-1992 i 43,969 97 98 96
Eindhoven (The Netherlands) 1978-1992 NAS 6849 94 97 92
Finfand 1978-1992 2 30,944 73 84 66
Geneva (Switzerland) 1978-1989 i 2068 97 99 95
Slovenia £985-1992 5 5810 94 97 88
South-Sweden 1978-1992 NAM 7092 98 99 97
Tarragona {Spain) 1985-1992 G 1382 85 92 80
Varese (Italy) 1978-1987 4 4263 79 87 70
Yorkshire {United Kingdom)  1978-1990 7 34,707 66 75 60

* death certificates only (DCO) excluded
* nat available

Results

Incidence

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
another 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 (1%) another non-small-cell lung tumour.
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Table 2 Trends in age-siandardized incidence rates (WSR), according to gender,
cancer registry and histological subtype, 1978-92.
Source: EUROCIM
WSR (men) WSR (wonien)
1978-82 1983-87 1988-92 [1978-82 1983-87 1988.92
Denmark Non-small-cell |34 36 32 10.1 13.9 15.3
Squamous celt |21 20 17 34 4.4 4.5
Adenacarcinoma |8 1 i1 5.0 7.6 8.6
Large-cell undiff, | 5 5 4 1.8 2.0 2.1
Small-cell 10 11 10 32 5.0 5.5
All types 58 58 52 17 23 25.4
Fintand Non-small-cell |40 37 29 4.1 4.7 4.4
Squamous cell 23 23 I8 1.1 1.6 13
Adenocarcinoma |7 8 7 2.0 23 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
All types 72 64 53 6.7 7.8 8.0
France Non-small-cell {34 37 41 1.9 2.5 3.9
Squamous cell 26 28 28 0.7 1.1 1.7
Adenocarcinoma |4 5 8 0.8 1.1 1.5
Large-cell undiff, | 4 4 5 04 03 0.3
Small-cell 6 8 8 0.2 0.8 0.9
All ypes 49 S0 53 3.0 4.0 5.4
Italy Non-small-cell {45 52 53 2.9 4.5 4.9
Squamous ceil 32 35 31 1.1 14 1.6
Adenocarcinoma |9 i3 18 1.7 2.5 2.8
Large-cell undiff, |4 4 4 0.2 0.6 04
Small-cell 7 11 11 0.5 1.3 L1
All types 81 83 80 5.9 8.3 7.9
Netherlands Non-small-cell |69 66 57 6 5.6 6.3
Squamous cell 35 47 460 1.6 2.5 24
Adenocarcinoma |7 13 11 £3 2.3 2.6
Large-cell undiff. [ 7 6 7 0.5 0.9 1.3
Small-cell 17 15 i4 14 1.7 34
All types 94 87 81 5.7 7.9 11.5
Slovenia Non-small-cell 9 43 4.2 58
Squamous cell 24 25 0.9 i3
Adenocarcinoma 8 10 2.7 34
Large-cell undiff, 7 8 0.6 1.1
Small-cell 11 11 1.5 1.7
All types 59 65 7.2 9.2
Spain Non-small-cell |13 22 26 0.5 1.5 22
Squamous cell |9 6 17 0 0.6 0.3
Adenccarcinoma |2 3 6 04 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
All types 31 39 43 3.0 2.7 3.1
Sweden Non-small-cell |27 26 22 7.4* 8.8 9.3
Squamous cell 10 10 9 L5 1.6 1.8
Adenocarcinoma |4 6 6 2.0 33 4.6
Large-cell undiff, | 12* 9 6 2.8% 3.6 2.6
Small-cell - 2 6 - 0.9 2.5
All types 27 28 29 7.6 0.1 12,3
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Table 2 {confinued)

WSR (men) WSR (women)
1678-82  1983-87 1988-92 [1978-82 1983-87 1988-92
Switzerland Non-small-cell |55 46 39 7.0 11 8.5
Sguamous cell (38 28 22 2.8 4.1 2.6
Adenoccarcinoma | 13 13 13 39 5.8 5.0
Latge-cell undiff, | 4 4 3 04 1.1 0.9
Small-cell 10 11 8 19 2.3 a5
All types 71 61 34 104 14.8 14,3
UK Non-small-cell k]| 3 8.6 10.8
Squamous cell 23 21 52 6.1
Adenocarcinoma 4 6 2.3 3
Large-cell undiff. 4 4 12 1.6
Small-cell 7 8 4.0 4.5
All types 71 64 22.8 24.9

* includes smaltl-cell lung cancer

European male lung cancer incidence rates in the selected cancer registries between
1978 and 1992 were highest (>75 per 100,000 person-years) in the Netherlands
(Eindhoven) and Ttaly (Varese), moderate (50-74 per 100,000) in Denmaik, 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 pecak 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 on the rise in most countries, except for Italy and Switzerland,
where a platean was reached in 1983-87. In most countries with declining incidence
rates of lung cancer, the incidence rate of adenocarcinoma among men increased.

Survival

Age-standardized relative [-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 XKingdom (about
20%). One-year survival rates for all cancer registries combined remained 29% (36%
for non-small-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 decrcased since 1988 and for Switzerland (a slight increase). The same
trends were found for patients with non-small cell cancer. However, the prognosis for
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paticnts 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. Swrvival for patients with small-cell
carcinoma has been increasing Denmark, France and the Netherlands, but has
remained approximately constant in the other regions.

Table 3 Trends in 1-year survival (%) and standard error (SE)} of histological

subtypes of lung cancer.
a) all rypes, non-small-cell lung cancer, small-cell lung cancer
All histological types Non-small-cel} carcinoma | Small-cell carcinoma
1978-82 1983-87 1988-92]1978-82 1983-87 1988-921978-82 1983-87 1988-92
Registry % {(SE) % (SE) % (SE) % (SE) % (SE) % (SE) [% (SE) % (SE) % (SE)
Denmark  [22(0.4) 22(0.3) 22(0.3) [25(¢0.5) 25(0.5) 25¢0.5) |17(1) 21(1) 22(1)
Finland 37(0.5) 38(0.5) 33(0.5) [43(1) 45(1) 401y [26(1) 24(1) 23(D)
France 35(1)  35(1y 342 |38 38(ly 3@ {273 27 32D

Italy 28(1)  30(1) 34(1)  34() 25(3)  26(2)
Netherlands {35 (1)  37(1) 37(1) [40(1) 41()) 41¢D) |17 262 24(2)
Stovenia 27(1)  29(1) () 32(D) 25(2) 26 (2)

Sweden  129(1) 29(1) 30(1) [20(D¢ 30(1) 31(}) |- 2103)  25(2)
Switzerland [34(2)  37(2) 38(3) (33(2) 38(Q) 39 [29() 26(4) -
UK* 22¢1)  25()  24(1) |32(1) 34 31 [16¢1) i8(1) 17(2)

b} histological subtypes of non-sinall-cell lung cancer
Squamous cell carcinoma | Adenocarcinoma Large-cell undifferentiated
1978-82 1983-87 1988-92 [ 1978-82 1983-87 1988-9271978-82 1983-87 1938-92
Registry % (SE) % (SE) % (SE) |%(SE} %{(SE} % (SE)} {%(SE} % (SE) % (SE)
Denmark |30(1) 28(1) 28(1) [24(1) 23() 241 |12(1) 13(1) 17(1)
Finland 00 s56(D)  44(n) [44(2)  45¢1)  39(D) 29(D) 30(D) 26(2
France 442 4202 35(3) (37 31(4) 42(5) [23(3) 25(3) 18(3)

Ttaly 38(2)  37(2) 27(3) 303 25¢)  17(3)
Netherlands {41 (1)  44(2) 45(2) [44(4) 40(3) 38(3) |[24(3) 229(4) 24(3)
Slovenia ) 37 29 26 24(3) 26 (2)

Sweden 36(2)  36(2) 33D (33@ 4@ 35@ (212° 222 230
Switzerland [35(2) 41(3) 43(4) [34() 37(3) 36¢5 [I18(5) 25(5) -
UK* 36(1y  36(1) 33(2) |30(3) 36(2) 31(3) [15(2) 17(3) 23(3}
*only patients younger than 65 years of age

? inchudes small-cell lung cancer

Discussion

We analysed the trends in the incidence and survival of the histological subtypes of
fung cancer in 11 European cancer registries between 1978 and 1992. Incidence rates
for men in northern Europe have been decreasing since the mid-1980s, but the peak in
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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 increased 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 Nethertands.

Since smoking is the major risk factor for lung cancer,"” 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.2 In contrast, both the
percentage of smokers and the lung cancer incidence rate among Swedish men have
been very low.'"® The percentage of female smokers has always been lower than that of
male smokers,'” 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.”‘lg
The decrease in the percentage of male smokers since the 19605 in most northern
European counfries 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 1980s,'” 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,'®® the
decrease in incidence rates since the 1980s has mainly occurred in squamous cell
carcinoma and small-cell carcinoma. Several aulhors have suggested that the increase
in the incidence of adenocarcinoma is related o the increased use of low-tar filter
cigarettes.””*'"* Filter use could result in taking larger puffs and retaining smoke
longer to compensafe for the lower nicotine yield. This may have increased the
incidence of adenocarcinoma, which often develops in the peripheral lung zones.
Smoking 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,” the increased use of low-tar filter
cigareitcs seems a plausible explanation. The increase in the incidence of
adenocarcinoma was aiso found in the United Stat--=,s,23”26’27 where adenocarcinoma is
.how 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.”®*

There were considerable variations in prognosis for patients with lung cancer in
Europe. Age-standardized relative l-year survival rates were highest in Finland,
France, the Netherlands and Switzerland {about 40%) and lowest in Denmark and the
United Kingdom (about 20%).> 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. Varialions 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.”
Overall t-year survival remained approximately constant in every region, except for
Finland, where the survival for all histelogical 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. Tn 1987 the percentage
of patients with small-ceil lung cancer receiving chemotherapy varied between 50%
(United Kingdom) and 70% (the Netherlands).* 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-celi
uadifferentiated carcinoma is rather low and it can be reclassified as squamous cell
carcinoma or adenocarcinoma in 10-30% of all cases.**. This should have caused a
decrease in survival for all three histological groups. The latter was not found in this
study. We are not awarc of any other explanation for the decrease in survival of
squamous cell carcinoma in France.

The deciease 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 slage 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 cigareties 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 Africa’ and confirmed in the
Netherfands in 1971.° The latency time is usually 30-40 years.” Changes in the
incidence and survival rates for malignant mesothelioma since 1970 in the
southeastern part of the Netherlands, an arca 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 morphological 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 [S-year age groups) and age-adjusted (ESR:
European Standardized Rate} incidence rates were computed per one million person-
years, according to sex, tmour 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 (EURQCIM)
databasc.

There was a combination of passive and active follow-up of all patients diagnosed up
to 31 December 1992, The latest follow-up to determinc vital status by the municipal
population administrations occurred on I April 1994. Relative survival was calculated
as the ratio of observed to expected actuarial rates. Expecled survival rates were
calculated from life tables for regional male and female populations (supplicd by
Statistics Netherlands), comipiled according o S5-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 Greenwood's formula,® Patients who were diagnosed at autopsy or died
within the first month of diagnosis were excluded from the survival analysis (N=6,
5%).

Results

Between 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
since 1975, while those for peritoneal mesothelioma remained constant (table).
Compared to other European cancer registries the incidence of mesothelioma in the
sontheastern 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 Scoifland 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-, I- and 3-year survival rales remained constant at 68%, 42% and 8%,
respectively. There was no significant difference between men and women. Survival
for peritoneal mesothelioma (79% alive at 1 year, standard error 28%) seemed better
than for pleural mesothelioma (38% alive at 1 year, standard error 10%). None of the
patients survived longer than five years after diagnosis.

Table Trends in age-specific and age-adjusted (ESR) incidence, per one million
person-years.

Men age (years) pteural peritoneal

period N 30-d4 45-59 60-74 75+ ESR HSR

1970-74 6 - 7 26 - 2.9 1.5

1975-79 17 - 24 44 39 10.2 -

1980-84 14 5 1o 49 - 6.8 0.6

1585-89 26 7 31 35 46 1.2 i.5

1990-94 45 2 37 84 143 9.3 2.0

Women

1970-74 1 - - - - - 0.9

1975-79 1 2 - - - 0.5 -

1980-84 6 4 5 - 12 2.4 0.5

1985-89 8 2 5 7 25 a3 -

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).

*1986-198%

Netherlands (Rotterdam)*
Scotland (West)
Germany (Hamburg)
England (East-Anglia)
Denmark

France (Doubs)
Netherlands (South)
Scotland {East)
Switzerland (Geneva)
Spain (Navarra)

Ireland (Southem)

¢ 10 20 30 40 50 60 10 80
Incidence per million (WSR)

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.?
Peritoneal mesotheliomas can be confused with adenocarcinomas arising from any
abdominal organ. Nonetheless, it is nol 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 (260%) 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 regisiries, 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 fo 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 -} western
Scotland and the northern part of Germany probably reflect the high exposure o
asbestos due to shipbuilding. Asbestos remains the predominant cause of pleural,
peritoneal, and probably epididymal mesothelioma.” After legal measures to prevent or
reduce cxposure 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."°

Between 1970 and [992 the prognosis for patients with mesothelioma remained poor,

being similar to the southwestern part of the Netherlands, the United States and

Canada.!™?

Conclusion: in view of the presumably limited exposure to ashestos, the incidence of
mesothelioma in the southeastern part of the Netherlands wil probably remain low,
despite the increase in the past few decades.
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6.2 Trends in incidence and survival of uncommon lung tumours
since 1970: a population-based study in the southeastern part of
the Netherlands

Introduction

The two major histological types of epithelial lung cancer are smail-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-Braban( in 1955; since 1970 the northern part of the adjacent
province of Limburg is included. It serves an area with | million inhabitants and good
access to specialized care.

The uncomnion lung (umours are carcinoid tumeur (ICD 8240), carcinosarcoma (ICD
8980), sarcoma (ICD 8800-8900) and malignant melanoma (ICD 8720). Pulmonary
carcinoid tumours are defined as tumours of the diffuse endocrine system derived from
Kultschitsky-type cells; carcinosarcomas are tumouwrs 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 lables for regional male and female populations, compiled
according to 5-year age groups and year of diagnosis). The risk of death due to
uncommon lung fumours was predicted from a model prepared by the Finnish Cancer
Registry.'
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Resulis

During the period 1970-94 11,047 lung cancer patients were diagnosed in the
southeastern part of the Netherlands, whereby 6% were clinically diagnosed. Less than
1% of these patients suffered from an uncommon lung tumour: 54 carcinoid tumours
{0.5%), 11 carcinosarcomas (Q.19%), 9 sarcomas (0.1%) and 1 malignant melanoma
(0.01%), The male/female ratio was .3 for carcinoid tumours, 2.7 for carcinosarcomas
and 2 for sarcomas. The maleffemale ratio for carcinoid tumowrs was lower for
patients younger than 50 years of age (m/f-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 patients with carcinoid tumour was 54 years (range 24-84), those with
carcinosarcoma 61 years {range 36-74) and patients with sarcoma 63 years (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
occutred in both the younger and older age groups, For carcinosarcomas and sarcomas
the incidence rates were about 1 per one million inhabitants (fable). Most carcinoid
tumours, carcinosarcomas and sarcomas were surgically resected (85%, 60% and 71%,
respectively).

The relative 1-, 5- and 10-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 0.5 years. The relative I-year survival rates for
patients with carcinosarcoma or sarcoma were 26% and 46%, respectively.

Table Age-standardized incidence rates per one million person-years (ESR) of
unconnnon lung tumours diagnosed behween 1970 and 1994, according
to histological subtype.

Carcinoid Carcinosarcoma Sarcoma

N ESR N ESR N ESR
1970-79 7 3 3 0.9 4 1.0
1980-89 30 7 2 05 3 0.8
1990-94 17 7 6 3.0 2 0.9
1970-94 5 o 11 11 9 1.0

Discussion

The most frequent uncommon lung tomour was the carcinoid tumour, which occurred
mainly in younger age groups.2 It is usually localized centrally and accounts for iess
than 1% of all fung tumours.” An increase in the incidence of carcinoid tumours in all
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age groups was also found in the SEER cancer registrv.” This may in part be due to
improved diagnostic technology and incrcased awareness, but there is also some
evidence that hormonal factors play a role in the aetiology of carcinoid tumours.® 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.*®'’

Sarcomas originating in the lung usually represent less than 0.1% of all malignant lung
tumours;'" they are usually aggressive tumours, with 60-90% fatality 5 years after
diagnosis.>'*"* The single most important differential diagnosis for cases of suspected
primary sarcoma of the lung is metastatic spread from an extrapulmonary tumour,
Therapy is usually surgery;i4 radiotherapy and chemotherapy have proven to be of
little benefit thus far.” Little is known about actiological factors,”® and the relationship
with smoking has not been confirmed.'? If sarcomas were closely related to smoking
the incidence in the southcastern part of the Netherlands should have increased
markedly until the early 1980s, since the percentage mate smokers was about 95% in
the 1950s.'® However this could not be demonstrated in this study.

Carcinosarcomas are difficult to distinguish from sguamous cell carcinomas unless
differentiation into specific tissues such as neoplastic bone, cartilage and striated
muscle occurs. Only about 1 out of 1000 lung tumours will be a carcinosarcoma and
they are very rarely diagnosed preoperatively.'” The prognosis for carcinosarcoma was
poor (26% alive after 1 year), as in Gcrmany.”

It was found to be patticularly difficult to establish with certainty the diagnosis of
primary melanomas in the Jung, because the lung is such a common site for metastases
(particularly from ocular melanoma) which may arisc many years after the primary
tumour was excised.'® Furthermore, primary cutaneous melanomas can regress but still
give rise to melastases.'” There are, moreover, rare instances of primary melanoma
arising in the bronchus.” 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 achicve appropriate treatment and
managemenf{. The majority of melanomas in the lung reporied in other studies are
believed to be primary tamouis, The aetiology might be related to smoking, bul 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-celi
fung cancer or non-smat-cell lung cancer, because different treatment is required and
there arc ditferences 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 prognosts for patients with lung cancer was dependent on age and stage and varied
markedly between the various histological subiypes. For nop-small-cell lung cancer
overall survival did not improve significantly, but subsite-specific survival increased
slightly for patients with squamous cell carcinoma, decreased for patients with
adenocarcinoma and remained stable for those with large-cell undifferentiated
carcinoma, For 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 introdunction 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 Registty
has remained largetly the same.

Completeness

The analyses were confined to a core region of municipalities that were covered by the
Eindhoven Cancer Registry. This is a registry without Death Certificate Only (DCO)
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 less 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
1.23.

Classification

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;' 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 cardiovascular diseases was underestimated by 27% of the
originally recorded prevalence, while the occurrence of COPD (chronic obstructive
pulmonary disease) was overestimated 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 focalized 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 part 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 platean 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 rural areas, and the presence
of tobacco industries did not make any notable diffcrence. 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 propottion 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 (figu1'e).3‘“ The relative risk for smokers
depends on muitiple aspects of smoking behaviour, including age at starting smoking,
the number of cigarettes smoked, the products smoked and the inhaling pattern, Tt
varics between 3 and 55 for men and between 4 and 147 for women.'? 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 explained 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 filter
cigarcttes compared fo the older birth cohorts. The trends in the incidence of female
lung cancer (increase and plateau) also reflect changes in smoking behaviour: the
percentage female smokers increased from a low 27% in 1960 to 40% in 1967, after
1979 it decreased 1o 36% in 1981.
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Figure Age-standardized incidence (WSR) and % smokers.
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The trends in lung cancer incidence in the southeastern part of the Netherlands seem to
represent an ex{reme sifuation: 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 Netherfands."*'® 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 atiributed 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,"'¢ 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,”!”* 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;?** 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-ceil carcinoma occur mainly in central or
hilar locations.”**>*

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), 252628

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 19905 Furthermore, inter-observer reproducibility for
adenocarcinoma was good.'*** Other authors suggest that the increase might be due
to changes in exposure to risk factors, such as the increased preference for low-lar
filter cigarettes since the 1960s, especially since the increase in adenocarcinoma only
occurred in smokers.”” Filters could lead to larger puffs and retaining smoke longer to
compensate for the lower nicotine yield. The subscquently increased deposits of
smoking particles in the bronchioles could enhance the risk for adenocarcinoma, which
usually occurs in the peripheral tung zones.”"*®* Furthermore, low-tar filter
cigareties have a higher nitrate content. The subsequently increased production of N-
nitrosamines induced lung adenocarcinomas in laboratory animals., Stellman and
colleagues indeed found that the risk of adenocarcinoma for filter cigarette smokeis
was not reduced when compared with non-filter cigarette smokers, in contrast to the
risk for squamous cell carcinoma.” 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 fo 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.

Unconiman tinours

Section 6.1 shows that the incidence of pleural mesothelioma in the southeastern part
of the Nethertands 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 southeastern 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 carcineid tumour,
which develops especially in younger age groups.m 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.* "This
may explain the lower male/female ratio in the reproductive period (younger than 50).
Sarcomas, carcinosarcomas and melanomas in the luig 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 on trends in incidence

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 will increase further, A decrease in the incidence of female lung
cancer is not expected before the beginning of the next century.

Trends in 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 umour {1-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 (l-year survival about 35%), and was poorest for patients
with carcinosarcoma (1-year survival about 25%). Although the overall prognosis for
patients with non-small-cell lung cancer has remained unchanged, there have been
divergent changes between morphological subtypes {section 4.1.1}. 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 smalf-cell carcinoma has almost
doubled since 1975, especially for patients younger than 70 years; for this group
median survival has increased from 5 to 10 months. However, ‘long-term’ smvival (22
years) remained poor and excess 3-year mortality for patients who were alive after
eight years was 39%.

Survival of lung cancer for patienis in the southeastern part of the Netherlands was
among the highest in Europe (section 5).

Non-small-cell lung cancer

In section 4.1.2 we searched for an explanation for the decline in survival found for
younger patients with adenccarcinoma of the lung. Among these patients the
proportion with ecarly disease has also been decreasing, thus the biological behaviour
of adenocarcinomas nright have shifted towards a more rapidly metastasizing tumour.
This may be caused by the higher concentration of carcinogens in the peripheral lung
zohes. The most likely explanation is the introduction of low-tar fitter cigarettes,
especially because the decrease in survival occurred in those born after 1930. In this
respect, cigatette 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.**” Monitoring of microalbuminuria or
cytokeratin-18 may also indicate the prognosis for patients with non-smalt-cell tung
cancer,

The mean age of lung cancer patients is rising duoe (o 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 peroperalive and postoperative complications.j"54 Co-morbidity
is also an independent prognostic factor.”®” 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-cell lung cancer

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 tumour.®® Results of chemotherapy have reached a platean and
further improvement seems impossible with currently available tools.5®" For older
patients only a small improvement in median survival was found, which may be due to
less aggressive treatment because of poor performance status. The latter is probably
related to the high prevalence of co-morbidity (60%) among these patients: the
propottion patients over 70 receiving chemotherapy decrecased 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, despife less aggressive treatment,”® while others found that even
elderly patients with co-morbidity are likely to bencfit from combination

chemotherapy.® ™

Conclusion on trends in survival

Despite better access to medical care and improvement in diagnostic techniques and
treatinent, 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 impaortant 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 after 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 beginning of the next century and the
incidence among people born since 1970 might even increase again, Age-period-
cohort analysis is the propor 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 tamour type also develops relatively often in non-smokers.
Besides giving health warnings, two possible ways to prevent lung cancer are {1) to
decrease the availability of cigareltes 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 disruption
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 failor-made treatment for subgroups of patients, e.g. adjuvant
chemotherapy shortly after surgery for patients with cytokeratin I8-positive stage 1
non-small-cell fung cancer. Through the cancer registry in collaboration with the



General discussion 123

various pathological laboratories these prognostic factors can be studied in unselected
patients.

Since a large proportion of paticnts with non-small-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 patients.

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 cancer is by lar the most frequent type of cancer among Datch men and ranks
third among women, Since the World War II, 250,000 Dutch people have died of lung
cancer. The incidence ratc aimong men was one of the highest in Europe. In the past
few decades incidence 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 (wo million. For the study on 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-years 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 1 per 100,000 person-years in
1960 to 13 in 1994, The trends in lung cancer incidence for men and women followed
the 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 the 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 women 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 rwral 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 percentage 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 sguamous cell carcinoma and small-cell carcinoma, both of which
correlate with «moking better than adenccarcinoma, 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 wornen 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 generally inhaled deeper, in order to compensate for the
lower nicotine yield. Thus carcinogens penelrate deeper in the lung and can cause
adenocarcinoma, which often develops in the peripheral lung zones,

Less than 1% of all twmowrs of the respiratory tract are very uncomunon.
Mesothelioma, carcinoid, carcinosarcoma and sarcoma clearly differ in aetiology and
prognosis. The incidence rates of mesothelioma and carcinoid tumouwrs have been
increasing during the past decades, but have remained low,

Litele is known about trends in long-term 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 1-year survival for palients 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 bornt 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 play a 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-cell lung 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 mean 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-smatl-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 ung 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 Burope 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 1-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 through tobacco
smoking. Although the incidence of lung cancer among Dutch men has been
decreasing since the 1980s, the decrease will likely 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 bhij vrouwen. Sinds de Tweede Wereldoorlog zijn in
Nederland ongeveer 250,000 mensen aan Iongkanker overleden. De incidentie van
longkanker bij Nederlandse mannen is één van de hoogste in Europa. In de afgelopen
50 jaar is de incidentie van longkanker en van de histologische subtypen sterk
veranderd. Over de trends in overleving voor ongeselecteerde patinten is weinig
bekend. In dit proefschrift werden veranderingen in incidentie en overleving van
patiénten met de afzonderlijke histologische subtypen van longkanker bestadeerd en
geinterpreteerd tegen de achtergrond van veranderingen in rookgewoonten en therapie.
Er werd gebruik gemiaak( van gegevens van de kankerregistratie van het Integraal
Kankercentrum Zuid (IKZ), die gegevens regisireert in Zuidoost-Nederland, een
gebied met ongeveer 2 miljoen inwoners sinds 1987, Voor de studie naar variatie in
incidentiec en overleving binnen Europa werden gegevens gebruikt van
kankerregistraties die deelnemen aan EUROCIM en Eurocare.

De ftrends in incidentic werden geanalyseerd naar periode 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 daalde 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
een daling optrad. De incidentie voor vronwen was veel lager dan voor mannen, maar
steeg van | 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-Nederland 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 Zuidoost-Nederland heeft veel tabaksverwerkende industrie gestaan, Om het effect
van rookgewoonten in steden, op het platteland en in gemeenten met
tabaksverwerkende industrie te bestuderen, werden intraregionale verschillen in de
incidentie van longkanker geanalyseerd. Voor mannen was de incidentie van
longkanker in gemeenten met tabaksverwerkende industrie duidelijk hoger dan in
andere gemeenten. Voor vrouwen was de incidentie van longkanker, in legenstelling
tot de mannen, in steden duidelijk hoger dan op het platteland, terwijl de aanwezigheid
van tabaksverwerkende industric geen verschil uitmaakte. De gemakkelijke toegang
tot tabak in gemeenten met tabaksverwerkende industrie heeft waarschijnlijk geleid tot
een stijging van het percentage mannelijke rokers en het aantal sigaretten dat per dag
gerookt werd.
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Een ander argument voor de rol van roken is het feit dat de piek in de incidentie van
plaveiselcel- en kleincellig carcinoom, beide sterker samenhangend met roken dan
adenocarcinoom, werd bereikt in 1978, terwijl die van adenocarcinoom pas in 1985
bereikt werd. Adenocarcinoom, als percentage van de niet-kleincellige longtumoren,
stceg bij mannen van 10% in 1975-79 tot 18% in 1990-94 en steeg voor hen dic
geboren waren na 1920, Voor vrouwen steeg de incidentie van clk histologisch type
van longkanker en het percentage adenocarcinoom bleef ongeveer 40%. In voorgaande
studies werd de procentucle toename van adenocarcinoom gerelaleerd aan de toename
in het roken van filtersigaretten met een laag teergehalte sinds de zestiger jaren. De
rook van deze sigarelten wordt vaak dicper geinhaleerd om het lager nicotine-gehalte
te compenseren. Zo penetreren carcinogenen dieper in de long en veroorzaken
adenocarcinoom, dat meestal perifeer in de long onstaat.

Minder dan 1% van alle tumoren van de tractus respiratorius zijn zeldzame tumoren,
zoals mesothelioom, carcinold mmor, carcinosarcoma en sarcoma. Deze verschillen in
ctiologie en prognose. De incidentic van mesothelioom en carcinoid tumoren is
gestegen gedurende de studieperiode, maar de incidentie is nog steeds erg laag,

Over de trends in lange-termijn overleving voor ongeselecteerde pati€nten met
longkanker is slechts weinig bekend. De korte-termijn overleving voor pati€nten met
een kleincellige longtumor in Zuidoost-Nederland is verbeterd sinds de introductie van
chemotherapie in de jaren zeventig; de mediane overleving voor patiénten jonger dan
70 jaar steeg van 5 maanden in [975-79 tot 10 maanden in 1985-89. De 2-jaars
overleving bleef echter slechts 8%. De prognose voor patiénten met een niet-
kleincellige longtumor veranderde niet in de loop van de tijd; echter, de trends waren
niet gelijk voor clk histologisch subtype. De relatieve 1-jaars overleving voor patiénten
met plaveiselcelcarcinoom verbeterde licht van 48% tot 51%, terwijl die voor
patiénten met adenocarcinoom verslechterde van 59% in 1975-79 tot 45% in 1990-92;
de verslechtering in overleving trad op bij patiénten die geboren warcn na 1930. Bij
jongere patiénten met adenocarcinpom steeg het percentage dat gediagnostiseerd werd
met een tumor in ecn uitgebreid stadium; adenocarcinoom is dus mogelijk cen
agressievere tumor geworden. Het is onwaarschijnlijk dat veranderingen in detectie en
classificatie een belangrijke rol hebben gespeeld in de verslechtering in prognose voor
patiénten met adenocarcinoom. De toename in het roken van fliltersigaretten met een
laag teergehalte, hietgeen heeft geleid tot een hogere concentratie van carcinogenen in
de perifere longdelen, is mogelijk veraniwoordelijk voor de verslechtering in
prognose. De relatieve overleving voor patiénlen met  een  grootcellig
ongedifferenticerd carcinoom was duidelijk lager dan de hierboven genoemde typen
niet-kleincellig longcarcinoom en is niet veranderd in de loop van de tijd.

Eén van de prognostische factoren, co-morbiditeit, werd unitgebreid bestudeerd. Door
de stijging van de gemiddelde leeftijd van longkanker-patiénten zal het percentage met
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bijkomende zickten op het moment van diagnose van kanker toenemen. Dus co-
morbiditeit wordt steeds belangrijker voor therapic-keuze, vanwege per-operatieve en
post-operatieve complicaties. De aanwezigheid van co-morbiditeit bij patiénten jonger
dan 70 jaar met een lokale niet-kleincellige longtumor was inderdaad geassocieerd met
een lager percentage resecties: 94% werd geopereerd in afwezigheid van co-
morbiditeit vergeleken met 70% in geval van twee of meer bijkomende zickten,

Variatie in de incidentie en overleving voor longkanker-patiénten binnen Europa werd
gerelateerd aan verschillen in rookgewoonten en de toegang tot medische zorg. De
incidentie voor mannen in Noord-Europa is gedaald sinds midden jaren tachtig, terwijl
de piek in de incidentie voor mannen in Zuid- en Qost-Europa en voor viouwen nog
niet bereikt was in het begin van de jaren negentig. De trends in incidentie konden
worden verklaard door de frends in  rookgewoonten. De voor leeftijd
gestandaardiseerde relatieve l-jaars overleving varieerde van 24% in Denemarken,
Engeland en Schotland tot 40% in Finland, Frankrijk, Nederland en Zwitserland. Het
grootste deel van de variatie in overleving kan waarschijnlijk verklaard worden door
verschillen in de toegang tot medische zorg,

Longkanker is een van de belangrijkste neveneffecten van nicotine-verslaving door het
roken van tabak. De incidentie van longkanker bij mannen is sinds midden jaren
tachtig gedaald, echter de daling zal waarschijnlijk een plateau bereiken in het begin
van de volgende eeuw, omdat het percentage rokers sinds eind jaren tachtig niet meer
gedaald is. De toename in het percentage adenocarcinoom verdient aandacht, omdat
ook de prognose verslechterd is. Er is behoefte aan studies naar determinanten van de
veranderingen in incidentic en overleving van adenocarcincom, Verder zouden
toekomstige studies zich moeten toespitsen op de relatie tussen bijkomende ziekien en
determinanten van prognose, omdat het percentage oudere patiénten met bijkomende
ziekten op het moment van diagnose van kanker toeneemt.
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