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Incidence of cancer and mortality among employees in
the asbestos cement industry in Denmark
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From the Danish Cancer Society,' Danish Cancer Registry, Institute ofCancer Epidemiology, and Danish
Institute for Clinical Epidemiology,2 DK-2100 Copenhagen 9, and Bedriftssundhedstjenesten, Dansk Eternit-
Fabrik Ltd,3 DK-9100 Aalborg, Denmark

ABSTRACT In a cohort study of the incidence of cancer and mortality among 7996 men and 584
women employed in the Danish asbestos cement industry between 1928 and 1984 over 99% were
traced. Chrysotile asbestos was the only fibre type used until 1946, when amosite and (in 1952)
crocidolite were also introduced. Chrysotile constituted 89%, amosite 10%, and crocidolite 1% ofthe
asbestos used. During the first 25 years of manufacture the exposure levels were high, especially in
areas where the asbestos was handled dry. Measurements from 1948 indicate that the fibre levels may
have ranged from 100 to 1600 times over the present Danish threshold limit value of 0 5 fibre/ml. In
1973 more than 41% of personal samples were higher than 2 f/ml. About 76% of the workforce left
the factory within five years of starting employment. A total of 1346 deaths and 612 cases of cancer
were observed in the cohort between 1943 and 1984. Among employed men the overall mortality (O/E
1-18; 95% CI 1.12-1.25), cancer mortality (O/E 1-32; 95% CI 1.19-1 46), and overall incidence of
cancer (O/E 1 22; 95% Cl 1i 12-1 32) were significantly increased compared with all Danish men. This
was not so among employed women. For men, significant excess risks were found for cancer of the
lung (O/E 1-80; 95% CI 1-54-2-10), pleura (O/E 5 46; 95% CI 2-62-10-05), mediastinum (O/E 5'00;
95% C 1-01-14 61), stomach (O/E 1 -43; 95% CI 1 03-1 .93), and other male genital organs (O/E 3 03;
95% CI 1 1 1-6-60). The mortality was significantly increased for men for non-malignant pulmonary
diseases (O/E 1 63; 95% CI 1-33-1-98). Among the group of asbestos cement workers with first
employment 1928-40 an excess risk of laryngeal cancer was found (O/E 5'50; 95% CI 1 -77-12-82). A
total of 12 cases of pleural and one of peritoneal mesotheliomas was observed when the original
notification forms were reviewed for all patients with cancer in the cohort.

In Denmark the manufacture, import, and handling of
asbestos and asbestos containing materials have been
prohibited by law since 1980, with the exemption
of certain asbestos cement products, brakes, and
gaskets.'
Removal of old asbestos materials has to be repor-

ted by the employer to the labour inspectorate and the
asbestos work has to be planned in such a way that
risks to health do not occur. Individuals aged under 18
are prohibited from working with asbestos. Exposure
to asbestos should be as low as possible and not exceed
the permitted limit of0 5 fibre/ml. An extension of the
exemption for manufacture of asbestos cement
products given by the authorities in 1984 started a
discussion in Danish society about the continued use
ofasbestos and the associated health risks. This debate
promoted the present follow up of a previous study
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of cancer incidence and mortality among employees
of Danish Eternit-Fabrik Ltd (DEL) in Aalborg,
Denmark.2

Since the beginning of this century increasing
attention has been paid to the health risks associated
with exposure to asbestos fibres.3 The major health
problems in relation to exposure to asbestos are
asbestosis, lung cancer, and mesothelioma4 but cancer
of the larynx,57 gastrointestinal tract,&'0 and other
sites have also been found to be associated with
exposure to asbestos by some investigators in recent
years.2-"
Although asbestos use is regulated and even pro-

hibited in certain industrial countries the consumption
of asbestos in the developing countries is increasing.'2
Approximately 85% of the world production of
asbestos is being consumed in the asbestos cement
industry, primarily used for building materials and
pipes.'3 Chrysotile asbestos is the most often used in
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asbestos cement products.
In recent years a dozen studies of workers in the

asbestos cement industry have been published.2"'24
Most have been mortality studies and the findings for
lung cancer have been inconsistent, which has caused a
discussion of the risk of lung cancer associated with
work in the asbestos cement industry.25

In the previous Danish study 6372 men employed
from 1944 to 1972 at DEL were followed up for
incidence ofcancer. Excess risks ofcancers ofthe lung,
stomach, larynx, penis, and prostate were observed.2
In the present study the incidence of cancer and
mortality were followed up for everyone ever
employed at DEL between 1928 and 1984.

Material and methods

FACTORY AND PRODUCTION PROCESS
In Denmark asbestos cement products have been
manufactured in one factory only, DEL, which was
founded in the provincial town ofAalborg in northern
Jutland in 1927. Production began in 1928 and is still
going on. Until 1980 cement was produced within the
same plant. In recent years other fibre materials have
replaced asbestos and from 1988 all products will be
without asbestos.

Figures on the import ofraw asbestos into Denmark

Year

Fig I Annual import ofraw asbestos into Denmark and
consumption ofasbestos in manufacture ofasbestos cement
products.

show that nearly 90% of the total amount has been
used in the manufacture of asbestos cement products
(fig 1). The main products have been building
materials such as corrugated roofings, fittings and
mouldings, flat roofing sheets, plates for covering
external and internal walls, acoustic sealings, and
pipes. The asbestos fibre content in-the products have-
ranged from 5% to 20%. Chrysotile has been the most
frequent type, accounting for 89% of the asbestos
used; smaller quantities of crocidolite (I %) and
amosite (10%) were used for a period after the second
world war. During the war, paper replaced asbestos.
From 1928 to 1940 only chrysotile asbestos was used.
Figure 2 shows the average annual consumption of
asbestos at DEL by type of asbestos.

Until 1972 asbestos was delivered in hessian sacks.
Before milling, the different types of fibre qualities
were mixed together by hand on the floor, rebagged in
hessian sacks, and fed by hand into the open asbestos
mill. From 1951 water was used in the milling process
to reduce the asbestos dust. In 1962 a new mill was
introduced in which the asbestos was enclosed during
the milling process. Since 1970 improvements in the
working environment have been carried out and
considerably reduced exposure to asbestos. The
hessian sacks have been replaced by plastic bags and
many of the other processes have been automated and
enclosed.
The first measurements of atmospheric asbestos

particles were carried out in 1948 and 1957 and
showed that the highest level of particles occurred
during feeding the mill and the forming vessel. The
Danish National Institute of Occupational Health
recently estimated that the exposure levels measured in
particles per millilitre in 1948 varied between 50 and
800 f/ml and in 1957 between 10 and 100 f/ml
(T Schneider, personal communication). Since 1973
quarterly measurements of respirable asbestos fibres
based on personal samples have been carried out in the
working area. In 1973 41% of the exposure
measurements were recorded as being above 2 f/ml.

REGISTRATION OF THE COHORT
In collaboration with DEL, information on all
individuals ever employed between 1928 and 1984 by
the company was extracted from the personnel file.
For workers, records dating back to 1935 were kept in
wage books, which provided a specific employment
number, name, date ofbirth, first year ofemployment,
and total wage for each year of employment. From 1
April 1968, the personal identification number was
added for each person. The same information was
extracted for salaried employees from employment
cards also dating back to 1935.

Until 1942, different employment numbers were
used for maintenance workers, asbestos cement work-
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ers, and cement workers. When a worker left the
factory, the same number was reused for a new
worker. For most of these employment numbers date
offirst employment was recorded as 1928, and it is thus
assumed that only 10-15 workers left the factory
between 1928 and 1935, when the use of the wage
books began. After 1942 the reuse of employment
numbers stopped and continuous numbering was
introduced.
By using the information about the employment

numbers it is possible to separate the workforce into
groups of the salaried employees, maintenance, asbes-
tos cement, and cement workers for those first
employed between 1928 and 1942. According to the
company, the workers were restricted to their working
area in this period, but it is possible that cement
workers occasionally worked in the asbestos cement
area.

FOLLOW UP FOR DEATH AND EMIGRATION
In Denmark vital status and date of death or emigra-
tion is registered in the Central Population Register
(CPR) for everyone who has been living in the country

Table 1 Results offollow up of the cohort employed 1928-
84 at Danish Eternit Ltd

Vital status Men Women Total

Alive 31 December 1984 6498 530 7028
Dead before 1943 17 1 18
Dead after 1943 1306 40 1346
Emigrated 144 7 151
Disappeared 5 0 5
Not identified 26 6 32

Total 7996 584 8580

Fig 2 Annual
consumption of
asbestos in manu-
facture ofasbestos
cement products
byfibre type.

Year

since 1 April 1968. The vital status at 31 December
1984 was determined for those in the cohort with
personal identification numbers by a computer based
linkage with the CPR. Members of the study popula-
tion without personal identification numbers were

traced through municipality population registries, the
Danish Cause of Death Register, and parish registers.
Table 1 shows the vital status of the study population.
Less than 0 5% could not be identified, and only five
disappeared after initial identification. Those not
identified were excluded from the study.

REGISTRATION OF CANCER AND CAUSES OF DEATH
The Danish Cancer Registry contains information on
all incident cancer cases diagnosed in Denmark since
1943. A computerised version of the Danish Cause of
Death Register at the Danish Institute for Clinical
Epidemiology contains information on date and cause
of death, based on death certificates for all deaths in
Denmark since 1943.
The cohort was linked to the computerised file ofthe

Danish Cancer Registry and the Danish Cause of
Death Register by the personal identification numbers
and for those without personal identification numbers
by sex and date of birth, followed by manual check of
names. Between 1943 and 1977 cases of cancer were
coded according to a modified version of ICD-726 and
since 1978 according to ICD-0." Causes ofdeath were
coded according to ICD-6, 7, and 8, respectively,
during the study period.28

CALCULATIONS AND STATISTICAL ANALYSIS
For each individual in the study population person-
years at risk were counted from date of first
employment until date of death, emigration, dis-

100000- i Chrysotile
EDAmositeI

80000 * Crocidolite
Metric
tons

0
HF F
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appearing, or the end of follow up on 31 December
1984. All malignant tumours diagnosed during the
individual risk periods were included in the analysis.

Expected numbers of cancer cases (E) were cal-
culated using the Monson program,29 and based on sex

and cause specific cancer incidence rates for five year

age groups and five year calendar periods for the total
Danish population, 1943-82. Two sided 95% con-

fidence intervals (CI) for the relative risks (O/E) were

calculated using Byars approximation for the x2
distribution.0 Incidence of cancer among the men for
selected diagnoses were calculated by duration of
employment and latency time.
The expected numbers of deaths were calculated in

the same way as the expected numbers of cases of
cancer.

Results

More than 50% of the workforce left the factory
within one year and 76% left within five years of
starting employment. The number of person-years for
men was 146 156 and for women 961 1. The observed
and expected number of deaths among men are given
in table 2 by main cause ofdeath. The overall mortality
was significantly increased for men (O/E 1-18; 95% CI
1.12-1.25). Malignant tumours caused 359 deaths
against 272-44 expected, and non-malignant pulmon-
ary diseases 102 deaths against 62 65 expected. No
excess mortality was observed for circulatory diseases.
The overall mortality was not increased for women
(observed 40, expected 43 90, O/E 0 91; 95% CI 0-65-
1-24).
Table 3 shows the observed and expected number of

incident cases of cancer by site among men. A total of
580 cases of cancer were observed against 477-46
expected, with an O/E ratio of 1 22 (95% CI 1 12-
1-32). The overall incidence of cancer was not
increased among women (observed 32, expected 30 7;
O/E 1-04; 95% CI 0-71-1-47).

RESPIRATORY SYSTEM
Table 3 shows that 192 respiratory tumours were

observed in the men; 162 cases of lung cancer were
observed against 89-81 expected (O/E 1-80; 95% CI

Table 2 Mortality 1943-84 among men employed at Danish
Eternit Ltd 1928-84. No latency time

Cause ofdeath Obs Exp OIE 95% CI

All causes of death 1305 1101-82 1-18 1-12-1 25
Malignant tumours 359 272-44 1-32 1-19-1-46
Non-malignant
'pulmonary diseases 102 62 65 1-63 1-33-1 98

Circulatory diseases 489 483-50 101 0-92-1-11
Accidents 159 128-58 1-24 1-05-1-44
Other causes 196 154-65 1-27 1-101-46

Table 3 Incidence ofcancer 1943-84 among men* employed
1928-84 at Danish Eternit Ltd. No latency time

Site ICD-7 Obs Exp OIE 9S% CI

All malignant
neoplasms 140-205 580 477-46 1-22 1-12-1-32

Buccal cavity,
pharynx 140-148 13 16-44 0 79 0-42-1-35

Digestive organs 150-158 143 120-96 1-18 1-001-39
Stomach 151 43 30-09 1-43 1-03-1-93
Colon 153 32 30-16 1-06 0-73-1-50
Rectum 154 35 27-77 1-26 0-88-1-75
Gallbladder 155-1 6 3-37 1-78 0-65-3-88
Respiratory 160-164 192 103-12 1-86 1-61-2-15
Larynx 161 14 8-44 1-66 0-91-2-78
Lung and

trachea 162-0,1 162 89-81 1 80 1-542-10
Pleura 162-2 l0t 1-83 5-46 2-62-10-05
Mediastinum 164 3 0-60 5100 1-01-14-61
Urogenital system 177-181 127 105-02 1-21 1-01-1-44
Prostate 177 47 34-69 1 36 0-99-1-80
Other male

genital 179-1 6$ 1-98 3-03 1-11-6-60
Kidney 180 12 15-39 0-78 0-40-1-36
Bladder 181 49§ 37-61 1 30 0-96-1-72
Skin 190-191 51 72-90 0 70 0-52-0-92
Brain and nervous

system 193 13 15 93 0-82 0-431-40
Malignant
lymphoma 200-202 14 15 68 0-89 0-491-50

Multiple myeloma 203 8 4-76 1 68 0-72-3-31
Leukaemia 204 9 13-51 0-67 0-301-27
Other sites 10 28-53 0-35 017-065

*One man who died and two men who emigrated were excluded on
account of the date of first employment registered after death/
emigration.
tAll tumours are mesotheliomas.
tAll tumours are penile cancers.
§Papillomas included.

1-54-2.10). Table 4 shows the incidence of lung cancer
among men divided into two groups according to
duration of employment and with a 15 year latency
period. An increased risk of lung cancer was observed
in both groups. Table 5 shows the incidence of lung
cancer among men by latency time. An increasing
trend of the relative risk was seen until the interval 30-
34 years since first employment (O/E 2.77), followed
by a decreasing trend. Table 6 shows the incidence of
lung cancer for asbestos cement workers and cement
workers with first employment before 1941. A sig-
nificantly raised risk of lung cancer was found for the
asbestos cement workers (O/E 1-88; 95% CI 1 18-
2.85) but not for the smaller group ofcement workers
(O/E 1-2; 95% CI 0-32-3 07).

Table 3 shows that 1Ocases ofmalignant tumours of
the pleura were observed among men against 1-83
expected (O/E 5-46; 95% CI 2.62-10.05). All tumours
were mesotheliomas. Table 4 shows that two of these
cases were observed among men employed for less
than five years, and eight cases were observed among
men employed for five years or more. Table 6 shows
that five of these cases were observed among the
asbestos cement workers employed before 1941 and no
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Table 4 Incidence ofcancer 1943-84 among men* employed 1928-84 at Danish Eternit Ltd by duration ofemployment with
15 years latency time

Duration ofemployment

< Syears (n = 6037) S years (n = 1884)

Cancer site Obs Exp OIE 95% CI Obs Exp OIE 95% Cl

Lung 45 25 82 1-74 1-27-2-33 59 31-13 1.90 1-44-245
Larynx 2 2-46 0-81 0-092-94 6 2-64 2-27 0-83-495
Pleura 2 0 53 3-77 0-42-13-62 8 0.59 13-56 584-26 72
Stomach 13 7-36 1-77 0-943-02 15 1183 127 0 70-207

*Excluded are 46 men with long intervals between employment periods.

Table 5 Incidence oflung cancer 1943-84 among men*
employed at Danish Eternit Ltd 1928-84 by latency time

Time sincefirst
employment (y) Obs Exp OIE 95% Cl

15-19 21 14-71 1-43 0 88-218
20-24 21 12 56 1-67 1 03-256
25-29 19 9 50 2.00 1 203-12
30-34 22 795 2-77 1-73-4-19
35-39 10 5.77 1-73 0-83-319
>40 1 1 6-44 1-71 0-853-06

*Excluded are 46 men with long intervals between employment
periods.

cases were observed among the cement workers. When
all the original notification forms for patients with
cancer in the cohort were reviewed three additional
cases ofmesothelioma were identified among the men.
One case was notified to the cancer registry as lung
cancer, one as metastasis in the lung, and one notified
case of peritoneal mesothelioma had been coded as an
unspecified peritoneal tumour. Table 5 shows that an
excess risk of malignant tumours of the mediastinum
(O/E 5-00; 95% CI 1l01-14-61) was found among the
men. The risk oflaryngeal cancer was not sigpificantly
raised among all the men (O/E 1-66; 95% CI 0-91-
2 78) but table 6 shows a significantly raised risk of
laryngeal cancer in the group of asbestos cement
workers employed before 1941 (O/E 5 50; 95% CI
1 77-12-82).

DIGESTIVE ORGANS
Table 3 shows that 143 malignant tumours were

observed in the digestive tract in men. The relative risk
was significantly raised only for stomach cancer (O/E
1 -43; 95% CI 1-03-1-93). Table 4 shows that the risk of
stomach cancer was slightly higher among men with
less than five years' employment than among men

employed for five years or more (O/E 1-77 against O/E
1.27).

UROGENITAL TRACT
Table 3 shows relative risks at the borderline of
statistical significance for prostate cancer (O/E 1-36;
95% CI 0-99-1-80) and for bladder cancer (O/E 1-30;
95% CI 096-1-72). The risk for other male genital
cancers was significantly raised (O/E 3 03; 95% CI
1X1-6160). A11 the cases in this group were penile
cancers. The mortality from urogenital cancer was not
significantly increased.
Among women a non-significantly increased risk

for cancer in the genital organs was seen (observed 12
expected 7 86; O/E 1-52; 95% CI 0 87-2-95); seven
were cervical cancers (O/E 1-92; 95% CI 0 77-3 95).

OTHER SITES
Eight cases of multiple myeloma (O/E 1-68; 95% CI
0.72-3.31) were observed among the men. No excess
risks of lymphoma or leukaemia were found.

Discussion

The description of working conditions and
measurements of fibre concentrations indicate con-
siderable variation in the level of asbestos exposure in

Table 6 Incidence ofcancer 1943-84 among asbestos cement workers and cement workers withfirst employment 1928-40 at
Danish Eternit Ltd with 15 years latency

Asbestos cement workers (n = 269) Cement workers (n = 98)

Cancer site Obs Exp OIE 95% CI Obs Exp OIE 95% CI

Lung 22 11 68 1 88 1.18-285 4 3-34 1 20 0-32-3-07
Larynx 5 0-91 5 50 1-77-12 82 1 0-26 3 85 005-21 40
Pleura 5 0.21 23 81 7 67-55 56 0 0-07 - -
Stomach 8 4-73 1-69 0-73-333 3 2-49 1-21 024-352
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different asbestos cement factories. The fibre concen-
trations in two English factories'722 and two Swedish
factories'9"2 seem to have been lower than the exposure
measured in the Danish factory, where about 40% of
the personal samples in 1973 showed a concentration
above 2 f/ml. Differences in cohort size, follow up
periods, and inclusion criteria are other possible
reasons for the differences found in cancer mortality
and incidence of cancer between the asbestos cement
studies. In the previous Danish study the overall
incidence ofcancer was not increased, but an increased
incidence appeared when the cohort was followed up
for eight more years, and everyone ever working in the
factory was included.2

In three of the previous asbestos cement studies no
cases ofmesothelioma were specified or observed,' 16 21
most mesotheliomas being observed in studies in
which an excess risk of lung cancer was found.

In the present study 12 cases of pleural meso-
thelioma and one case of peritoneal mesothelioma
were observed, all in men. Five were observed among
the asbestos cement workers with first employment
before 1941 and no cases were observed among the
cement workers employed at that time. Despite the
fact that the factory predominantly used chrysotile
asbestos, exposure to amosite and crocidolite cannot
be excluded for the cases of mesothelioma. Thus this
study does not contribute to knowing whether
chrysotile alone in the manufacturing of asbestos

RESPIRATORY SYSTEM cement products may cause mesothelioma in man.
In five of the previous asbestos cement studies the Laryngeal cancer was specified in only four of the
relative risk of lung cancer was significantly raised previous asbestos cement studies. 92 23 24 No cases were
with a range of the O/E ratio from 1-34 to 3.87.18-2023-24 observed in the two Swedish studies'92' and an
The five remaining studies showed relative risks of observed number of cases below or equali to the
lung cancer about unity.'> 2122 expected was found in the other studies.2324

In our study 162 cases of lung cancer were observed In our study a non-significantly raised risk of
among men (O/E 1-80; 95% CI 1 54-2-10). The laryngeal cancer was found for all men (14 (0) v 8-44
relative risk of lung cancer peaks in the 30-34 years (E)). The relative risk was significantly raised among
interval after first employment (O/E 2.77), an observa- the asbestos cement workers employed before 1941 (5
tion previously described by Selikoff and Lee.3 Using (0) v 0-91 (E)). The relatively good survival for
employment time as a surrogate for dose, no dose patients with laryngeal cancer makes it difficult to
response relation was found for lung cancer. The same detect a possible excess risk in mortality studies.32
phenomenon has been observed for the asbestos Differences in exposure levels, fibre types, and
cement industries by some other authors,'92' although qualities could be other reasons for divergent results.
in other studies a linear dose response relation has Selikoffet alobserved in their study of 17 800 asbestos
been shown.4 The workforce at DEL has been insulation workers a relative risk of 2-34 for laryngeal
inhomogeneous concerning exposure to asbestos. cancer.8 Case-control studies by Stell and McGill5 and
Short term employment was frequent among asbestos Shettigara and Mogan6 support the evidence for
cement workers. Some were taken in at DEL as asbestos as a risk factor for laryngeal cancer.
storemen late in the spring, when ships with asbestos
arrived from Canada, and during the summer as DIGESTIVE ORGANS
substitutes for the permanent staff. Many did the most The excess risk of stomach cancer observed in our
dusty work in the production. We know from the early study corroborates previous findings.'8 192324 Unskilled
dust measurements that the peak values at some workers, who are to some extent over represented in
working operations could reach 800 f/ml. Working, the cohort have an increased risk of stomach cancer in
for instance, for three months in such a dusty area a Denmark (E Lynge, personal communication). In a
high body burden of asbestos fibres must have been study of stomach cancer and nitrate in the drinking
accumulated. Short term employees may also have water Jensen found a higher risk in the city ofAalborg
been exposed to other carcinogens during their work- than in other Danish provincial towns.33No significant
ing career. From other studies of asbestos workers it is excess risks for other malignancies of the digestive
known that short term workers belong to a high risk tract were seen in our study.
group.2' 3

Smoking habits among the employees at DEL have OTHER SITES
never been studied, but a cross sectional study on Excess risks for prostate and penile cancer had been
smoking habits among cement workers in Aalborg in observed already in the previous study by Clemmesen
1973 showed that the prevalence of smoking among and Hjalgrim-Jensen.2 All the penile cancers were
cement workers was 3-4% higher than among men in carcinomas of prepuce or glans. A hypothetical
the city of Aalborg.2 This difference in smoking habits explanation for the finding could be that asbestos
is unlikely to explain the increased risk of lung cancer fibres interact with other risk factors such as phimosis.
among men employed at the asbestos cement factory. As for laryngeal cancer, an excess risk of penile cancer
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is difficult to show in mortality studies due to the
relatively high survival rate for these patients. Thus the
mortality ofurogenital cancer was not increased in our
study.
No excess risk oflymphomas was found, but a non-

significantly raised risk of multiple myeloma is in line
with a suggested association with asbestos.3

Eva Valente and Thorbjmrn Sorensen helped with
the data collection. Niels Christensen and Gerda
Engholm provided data processing help and Annie
Fosselius prepared the manuscript.

Requests for reprints to: Dr E Raffn, Danish Cancer
Society, Danish Cancer Registry, Institute of Cancer
Epidemiology, Landskronagade 66, DK 2100 Copen-
hagen P.
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