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Incidence rates of malignant mesothelioma in Denmark and predicted future

number of cases among men
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Objectives This smdy aualyzed the incidence rates of malignant mesothelioma in Denmark in order to predict the
future nuriber of cases that will occur among Danish men.

Methods The 1912 cases of malignant mesothelioma reporied to the Damsh Cancermgnstry in 1943—1993 were
analyzed in order to describe cwnrent incidence rates. By a Poisson regression model the relative risks of synthetic
birth cohorts were estimated and used in the prediction of the fimre number of cases that will occur among Dianish
men.

Results Theincidencerate increased to 1.33 per 100 000 persop-years in 1983—1987 among men and to 0.51 in
1973—1477 among women. From the Poisson regression madel, the risk for birth cohorts of men, relative to the
1940—1944 cohort, pealeed in the 1940—1944 cokort and decreased to 0.57 in the 1950—1954 cohort. The age-
specific incidence rate peaked at 246 per 100 000 perscn-years in the age group 80—=84 vears. The fitture annual
nwmber of mesothelioma cases is expected to peak around 2015 with 93 cases among men borm before 1955,
Conglusiens The fit of the models was not ideal, but with careful interpretation of the results, it was concluded
that a further increase in the number of mesothelioma cases can be expected, and the effect of regulating the

environmental exposire to asbestos cannot be expected within the next 10—15 years.
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Abaut 65 cases of malignant mesothelioma are reported
in Denmark annnally {1}. This rare cancer is strongly as-
sociated with exposure to ashestos {2, 3). Hence the use
of asbestos in the Danish industry was banned with few
exceptions in 1979 (4, 5). It is estimated that more than
half the mesothelioma cases are caused by asbestos (6).
Asbestos fibers are used in industry, in Denmark mostly
in shipyards, for insulating materials, pipe fittings, and
brake linings for trains and antomobiles (3). Although the
carcinogenicity of especially the amphibole asbestos fib-
ers has been known since the 1960s, the use of ashestos
in industry was continued for several years, up until the
legislation prohibiting it.

The effect of banning industrial asbestos use has not
yet appeared in the published incidence rates from the
regisery (7), perthaps due to the latency of 30 years or
more from exposure to diagnosis of the disease (8, 9).

The Danish Cancer Registry was founded in 1943 and

collecis detailed information on diagnosed cancer cases

(10).

Fecent publications have predicted an alarming in-
crease in mesothelioma deaths over the next 30 years by
statistical modeling (11-—13). In the present study, we
aim to demonstrate an effect of the decreased exposure
level through a log-linear regression apalysis of the birth
cohort and the period of dizgnosis for Danish men, with
a prediction of incidence until the year 2040. The meth-
ods of the analysis are comparzble with those used in re-
cent studies of mesothelioma trends (11.—14).

Materials and methods

Data from the Danish Cancer Register were used in the
study. The completeness and accuracy of the regxste:r is
considered to be high (1, 10).

All cases of malignant mesothelioma diagnosed and
coded as such in the period 1943—1993 were identified
according to the modified ICD-7 classification (pleure,
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peritonenm and pericardium) in use prior to 1978 by the
Internationat Classification of Diseases (ICD) (1, 15) and
afterwards according to the ICD-0 (16) through a com-
bination of the morphological and topographical codes.
Four cases recorded as mesothelioma of the scrom were
excluded. '

For each case gender, date of birth, month and year
of diagnosis, and the ICD-7 or ICD-C codes were ex-
tracted and cases with ICD-0.codes were converted to
ICD-7 codes by a computerized conversion program into
the locations pleura, peritoneum or pericardium. For cal-
culating the incidence rates, the age distribution in the
Danish population was determined through the aid of Sta-
tistics Denmark (17). Incidence rates directly standard-
ized according to the World Standard Population (WSTP)
{18) and the 95% confidence intervals (95% CI) were cal-
culated on the assumption of a Poisson distribution of
the observed cases (19).

The distribution of malignant mesothelioma among
men by age and year of birth was analyzed by Poisson
regression, as done by Peto and his co-workers (14). Birth
cohorts were computed as synthétic cohorts according to
age and date at diagnosis, each case being assigned to 1
birth cohort. Person-years at risk (PYR) were construct-
ed in a similar way. Age-specific incidence rates, k,, were
estimated for the age groups 30—34 years (a=1) to 85—
89 years (a=12). Birth-cohort-specific relative risks, ¢,
" were calcuilated for the coherts bom in 1875—1879 (b=1)
to 1950-—1954 (b=16). The relative risk for the 1940—
1944 cohort, ¢,,, was set at unity,

The predicted annual age-specific incidence rates
were calculated as the product of the age-specific rate
and the relative risk of the birth cohort, k, - ¢, The fitted
numbers of cases were calculated as the product of the
predicted age-specific incidence rates and the person-
years in the cell. Goodness-of-fic was evaluated by the
Pearson’s x*-test, and the P-values of the fit were com-
puted (20, 21).

The predicted rates were used to estimate the number
of future mesothelioma cases. The estimate was made for
men born before 1955 and for all men, assuming that the
relative risk for cohorts born after 1955 was 50% of the
1940—1944 cohort. This approach was used due to the
very few observed cases in the younger birth cohort, since
the lack of cases made the risk estimares unreliabie. Pop-
ulation prognoses of Statistics Denmark (17) were used
for calculating the estimated number of cases. The as-
bestos consumption in Denmark was used for estimaring
the exposure to ashestos (22).

For comparison a similar analysis was done using the
variables period of diagnosis and age at dizgnosis. The
age groups were the same, and the periods, p,_, were ¢c=1
for 19431947, to ¢=10 for the period 1988—1992. The
last period (p,;) only contained data from [993. The
period 1988—1992 (p,,) was used as the basis for

g L F o e S

comparison because most of the cases were di:ignosed

- during this period.

Resulls

In table 1 the total number of cases of malignant mes-

othelioma s shown according to their location among the

men and women. The proportion of pleural mesothelio--

mas was greater for the men (89.5%) than the women
(71.3%), and the proportion of the peritoneal tumors was
greater among the women than among the men. Tumors
of the pericardium comprised less than 2% of the total
for both genders.

The incidence rate for the men was higher than that
of the women, and it increased from 0.1 per 100 000
person-years in 1943—1947 to 1.32 (95% C1 0.47—
2.17) per 100 000 person-years in 1983—1987, and then
decreased to 1.31 {0.46—-2.15) per 100 000 person-years
in 1988—1992 (figure 1}. The incidence rate for the
women increased to 0.51 per 100 000in 1973—1977, and

" then decreased to (.27 in 1988—1992.

Table 2 shows the age- and birth-cohort-specific ob-
served number (fitted number below) of cases of malig-
nant mesothelioma among the men. Under the birth-co-
hort intervals the estimated birth-cohort-specific relative
risks are shown, rising to a maximum (1.00) in the co-
hort born in 1940—1944, The estimated age-specific
rates are shown under the corresponding age interval. The
rate is 0.66 per 100 000 person-years in the age gronp
30—34 years, and it increases steadily to 246 per 100 000

_person-years in the group 30—34 years. As an evalua-

tion of the goodness-of-fit, the difference between the ob-
served and the firted number of cases was computed by
Pearson’s y3-test (y*=109, df=92, P={.11).

Figure 2 shows the annual observed number of cases
of malignant mesothelioma in quinquennia defined by
midyear. Note that the period 1993—1997 only contains
dara of the year 1993. The estimated annual number of
cases is shown for comparison, and this graph is extend-

- ed into the predicied annual numbers of cases in the years

Table 1. Number of cases of malignant mesethefioma in Den-
mark in 1943—1993, {ICD = International Classification of Dis-
2ases)

Shte of tumor Men Wamen

N Y% N %
Pleura 1200 895 407 713
Peritoneum 123 9.1 154 270
Pericardium iB 1.3 10 1.8
Totat 134 100 + 5N 100

* incwging one wmor ¢aded as the {GD-7th revision code 199.%;
tnspecified site, abdomen.
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Figure 1. Age-standardized incidence rates (according

2 &> to.the World Standard Population) per 100 000 parson-
[ g

& years at risk of malighant mesothelioma of the pleura,
" peritoneum, and pericardium among men and women in
year Denmark in 1243—1993.

Tabie 2. Cases of malignant mesothelioma ameng Danish men in 1843—1993 and the fitted numbers based on the birth cohort
analysis, Each cell shows the observed (0} number of mesothelioma cases next to the fitted {F) number derived from the birth cohort
model by multiplying the population person-years (not shown) by the praduct of k, and c,.. Birth cohori, c, Is defined by midyear.

Year of birth  Retative

A6 Oroup (years)

risk
A0—34 3539 40—44 45—48 5S0—54
068y (222) (418 (v.76) (19.7)

.50—59 60—B4 65—69 TD—74 T75—72 BO—84 85—BY

{(30.8) (57.3) (838) (130) (185}  (246) (220}

0o F O FO F O F 0 F.

¢ F O FO FOG F O F O F 0O F

1875—1879 0.043
1380—1884 0.089
1885—1880 0.145

- 1890—1994 0.158 .. . - . 1 34
1895—1899 .0.785 . . . - 18 3 46
1906—1904 0234 .. . - 14 225 5 64
1905—1908 0295 .. -10 118 4 34 6 &3
1910—19%14 0341 - 04 - 12 - 22 1 40 7 99
1915—-161¢ 0373 - 04 - 13 4 23 4 43 1310
1920—1924 0522 1 05 2 18 S5 33 10 640 17 148
1925—1929 0574 1 05 4 18 3 34 B 62 17153
1930—1934 0601 - 06 2 19 1 35 10 64 18158
1935—1939 0785 2 08 1 27 5 50 t0 80 24222
1940—1944 100 2 13 4 42 12 7.9 1014, & 6.3
1945—1949 0617 - 08 5 28 5 53 1 20
1950—1954 0568 - 07 3 24 1 08 .

. .. 223 230 131 625 108
. 541 153 4 68 W0 71 7 85 4 22
1 42. 4 73 6 94 14720 16123 12 98 6 4.1
1 80 6 856 11111 15140 13144 16117 5§ 448
6 69 13118 19151 19189 16194 15157 8 67
8 9.0 19154 26197 26247 22252 20203 5 88
11124 20212 34 277 41340 33348 24285 1 24
23147 29252 37322 43407 39424 1 71 .
22157 23268 35342 36434 11 9.0 .
21221 43377 3B 48B3 10124 .
20226 40389 6103 .
25232 3 79
.3

HE S
[~}

 [ncidence rate — k, per 100 000 person-years in parentheses.

2000—2040. The predicted annwal number among men
bormn before 1955 peaks around the year 2015 by 93 cas-
es. For all men, when a relative risk of 50% of that of
the 1940~—1944 cohort for men was assumed, a peak in
2020 by 110 aanual cases was found. The figure levels
at about 80 annual cases over the years 2030—2040.
The annual asbestos consumption in' Denmark in
1910—1993 is shown in bars in figure 2. The import was
greatest during 1965—1979 {approximateiy 30 000 tons
per vear) and decreased to 704 tons in 19901993,
Table 3 shows, like table 2, the observed number of

" malignant mesotheliomas above the expected number.

The numbers were derived from the model of period of
diagnoses and age at diagnosis. The maximum effect of
period occurs for the period 19831988, which had 2
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relative risk of 1.01, the goodness-of-fit having been eval-
uated by Pearson’s y-test (x*=80.5, df=97, P=0.89).

An analysis of the variables birth cohort, age, and
period of diagnosis was zlso done, and it gave no better
fit

Discussian

The data of Panish cancer cases diagnosed since 1943,
as registered in the Danish Cancer Register, is almost
complete (10). However some misclassification of mes-
othelioma cases has occurred (23), and this misclassifi-
cation complicates the interpretation of the rasuls,
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Figure 2. Observed (Obs} and -expected (Exp) (fitted)
number of cases of malignant mesathelioma in 1243—
1993. Values of the annual number of cases for men bom
betore 1955 and for all men predicted an the assumption

‘Annual niimber of mesathelioma cases
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o of a relative risk of 50% of the 1940—1945 birth cohort,

g The annual asbestos consumption in Danmark In 1910~

1993 is shown as the 5-year average in bars.

Tabte 3. Cases of malignant mesotheifoma among Danish men in 1943—1993 and the fitted numbers based on a period-of-diagnosis
analysis. Each ceil shows the observed (0) number of mesothelioma cases next to the fitted (F} number dgrived from the period-of-
diagnosis mode! by multiplying the population person-years (not shown) by the product of k, and p..

Year of birth  Relative

Age group (years)?

risk -

30—34 35—38 40—44 45—49 5S0—54 55—58  G0—B4 65—69 T0—74 75—78 80—84 B8589

(0.66) (2.22) (4.18) (7.78y (197} {3049) (57.3} (83.6) (130) (185)  {248) {220

¢ F O F O FOQ F OQ FOF O FO FO F O F @ F 0 F
1943—1847 0093 - 0.4 03 - 05 - 08 114 t 18 5 22 2 11 . "
1948—1452 0107 - 0.1 -04 1 06 210 3 18 120 4 27 1t 27 2 286 . -
1953—1957 0202 1t 02 - 07 - 1.2 420 5 3B 643 5 56 6 56 4 54 1 42 w
1958—1962 04 1 04 213 4 23 141 6 B2 9 92 13124 11120.14114 10 91 6 54 ..
19631967 0522 - 05 418 5 30 4 52 7140 11133 19176 19173 15160 16127 7 76 1 22
19681972 0695 2 08 2 21 3 38 10 7.0 13143 231381 20256 26243 19233 18181 12110 4 33
1673—1877 078 2 11 1 26 1 42 B 7.3 17163 22189 (20206 34 306 26 284 18222 16136 6 4.2
1978—1082 0838 - 13 4 35 5 49 10 7.7 17163 21215 23310 37338 41334 22258 15158 & 51
1993—1987 101 - 14 5 45 12 7.3 10101 18192 20242 43375 35396 43417 33342 20206 8 66
1988—1992 1 . 341 5 79 10124 24207 25234 40348 38396 36404 39357 24228 5 7.2
1593 0.882 " 1 13 125 6 40 4 43 3 B0 6 68 10 73 11 81 1 43 1 14

* incidence rate — k, per 100 000 person-years in parentheses.

Some cases of malignant mesothelioma were diag-
nosed at autopsy. In a study (7) of the mesothelioma in-
cidence rate in Denmark in 1943—1992, 25% and 29.5%
of the cases among men and wornen, respectively, had a
survivai of 0 months, and most of these are likely to have
been diagnosed at autopsy even though perioperative
mortality might have been of some importance. During
the 1970s, and particularly after the procedures changed
for the autopsy requests in 1990, the rate of autopsy in
Deamark declined from 45% in 1970 to 16% in 1990
{24}, A Danish study concluded that a decrease in the
frequency of autopsy leads to an underestimation of the
incidence rate of rare cancers (25). Malignant mesothe-
lioma is such a cancer,

The 12—13-fold increase in the male incidence

registration until today is unlikely to be an artefact (26).
Similar Increases have been seen in other countries (6,
13, 14,27). ‘

The larger fraction of mesothelioma of the peritone-
um in women may be due to a misclassification of can-
cers of the ovaries. In a Danish seddy about 30% of the
peritoneal mesothelioma cases among women werg found
to be misclassified ovarian or gastrointestinal tumors
(23).

In the Poisson regression analysis, a log-linear mod-
el with the parameters age and birth cohort was chosen
because of the possibility of comparison with the resalts
of Peto and his co-workers (14). The analysis was based
only on cases among men becanse of the relatively low
number of cases among women (table 1} and the possi-

rate of malignant mesothelioma since the beginning of | ble misclassification of peritoneal mesotheliomas among
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women (23). Because asbestos is considered to be the
only important risk factor for malignant mesothelioma,
other possible risk factors were omitted from the model.
Smoking was also omitted because of no evidence of an

.effect on the risk of malignant mesothelioma in contrast

to lung cancer, for which an important synergistic effect
has been demonstrated (28).

The goodness-of-fit, evaluated by Pearson’s y>-test
{21), suggests that the age-birth cohort model has a poor
fit, with a nearly significant P-value of 0.11 of the dif-
ference between the observed and the estimated values.
This occurrence could be due to the period of diagnosis

~ being a stronger parameter than the cohort of birth, As

in the study by Peto and his co-workers (14) the number
of cases and the short period at risk in the younger age
groups, who have not had the same exposure level as the
older groups, make the estimates for these groups uncer-
tain. The structure of the synthetic birth cohorts makes
the small changes in the data even harder to detect (21},

The results of the study by Peto and his co-workers
(14) are based on mortality data, but the average surviv-
al time, being only about 7 months after the diagnosis
(7), makes the mortality and the incidence rates compa-

zable. The prediction of future incidence rates for malig-

nant mesothelioma was done in a manner similar to that
of Peto and his co-workers (14).

. The prediction of the number of new cases of malig-
nant mesotheliomas is based on the assumption that men
bormn after 1955 have half the risk of the 1940—1944 co-
hort. This assumption is made under the consideration
that banning the use of asbestos in the industry and im-
proving the work environment cannot elirninate all ex-
posure 1o asbestos, and similar assumptions have been
made in recent studies (11, 12, 14).

The risk of mesothelioma from asbestos in the work
environment was first described in 1960 (29), and the
gradual improvements introduced in the work eaviron-
ments hereafter favors a peak in incidence rates aronnd
the year 1995, If the asbestos consumption is considered
an estimate of asbestos exposure level and an average
latency of 35 years is used, the maximal incidence rate
cannot be expected until the year 2010.

The fit of the model using period of diagnosis being
the better of the 2-models used calls for some caution in
interpreting the resulis of the predictions made by using
the birth cohort in the apalysis. The period of diagnosis
cannot readily be utilized in calcutating the future number
of cases of malignant mesothelioma because of nonex-
isting reliable predictions of future asbestos exposure,
Prior exposure can only be quautified by the total con-
sumption of asbestos, which is a very rough estimate of
the individual exposure to asbestos. The asbestos import-
ed after the ban has comprised chrysotile fibers, used for
brakes and pipefittings, while the import of amphiboles
has been completely banned (4, 5). Information on the

e Scand J Work Environ Health 2000, vo! 26,.no 2

distribution of the different fiber types, relevant wo the
risk of mesothelioma, is not available, not even for am-
phiboles and serpentine fibers.

If 2 prediction of the future number of mesothelioma
cases were to be carried out on the basis of an analysis
of the period of diagnosis and age, it would be essential
to have reliable estimates of funme environmental expo-
sure levels to asbestos. These estimates cannot be made
within the Yimits of this study.

In conclusion, with careful interpretation of the re-
sults, the annual number of malignant mesothelioma cas-
es can be expected to increase steadily until 2010. No or
little effect of banning the usage of ashestos can be ex-
pected until 2015 or later.
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