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Abstract

Objectives—Previous projections of mor-
tality from mesothelioma among French
men have used the age-generation
method, based on the Poisson regression
model. In this study an alternative method
to model mortality from mesothelioma
was used to predict its future trend: this
method was based on the risk function
that links this mortality to past exposure
to asbestos, combined with population
exposure data.

Method—Data on past French asbestos
imports were used to model the overall
past exposure to asbestos in men and
assess two extreme scenarios (optimistic
and pessimistic) for its future trends. The
number of male deaths occurring between
the ages of 50 and 79, from 1997-2050, was
then calculated with the risk function for
mesothelioma.

Results—The results showed that mor-
tality from mesothelioma among French
men aged 50-79 will continue to increase,
reaching a peak averaging between 1140
(optimistic scenario) and 1300 deaths
(pessimistic scenario) annually around
the years 2030 and 2040, respectively. No
preventive measures applied now will
affect this trend before then. These results
are similar to those of two other predic-
tions of mortality from mesothelioma
among French men: a peak around 2030 of
800-1600 deaths annually among men
aged 25-89 years, and a peak around 2020
of 1550 deaths annually among men aged
40-84.

Conclusions—Our results indicate that
between 1997 and 2050, the most optimis-
tic and pessimistic trends of future expo-
sure will lead to the deaths from
mesothelioma of between 44 480 and
57 020 men, with a corresponding loss of
from 877 200 to 1 171 500 person-years of
life.

(Occup Environ Med 2000;57:488-494)
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Asbestos has been used extensively in industr-
ialised countries for more than a century, caus-
ing continuing increases in mortality from
mesothelioma.' > The mortality from mesothe-
lioma in France has increased roughly 50-fold
among men and 10-fold among women from
1925 to 1996. Because of continuing exposure
and the long latency period of the disease,’

mortality from mesothelioma will continue to
increase for several more decades in France.

The future trend in mortality from mesothe-
lioma has been predicted for the United
Kingdom® and the United States.” In both
nations, it will continue to increase, peaking,
respectively, around 2020 and 2000. These
predictions are derived from age-cohort mod-
els: the effects of age and birth cohort are esti-
mated by fitting a log linear Poisson model to
the age specific death rates for each 5 year cal-
endar period.” Gilg Soit Ilg ez al’ and Peto et al'
also used an age-cohort model and similar
assumptions about the risk of death from mes-
othelioma in future birth cohorts to predict the
future burden of mortality from mesothelioma
in France. Although in both the United King-
dom and the United States the risk of death per
birth-cohort has already peaked, the available
data indicate that it continues to increase in
France.

The aim of this study was to predict the
future trends in mortality from mesothelioma
in French men by a different method. With
data on asbestos imports to assess the change
of the population’s global exposure and a risk
function that calculates the risk of death from
mesothelioma as a function of past exposure,
we modelled past mortality from mesothe-
lioma. We then projected future mortality
according to various hypotheses about future
exposure trends.

Data and methods

PAST TRENDS IN EXPOSURE TO ASBESTOS

The qualitative and quantitative variations in
asbestos imports may realistically be consid-
ered as major factors affecting past occupa-
tional exposure in France. Almost all the
asbestos used here was imported. These
imports probably began around the turn of the
century, but data are not available for the peri-
ods before 1937 and after 1994 (according to
the French Asbestos Association). After a
break during the second world war, imports
resumed and increased steeply, reaching their
peakin 1975. Imports were banned definitively
in 1997 (fig 1). Although little information is
available about the types of asbestos imported,
chrysotile (the least harmful asbestos for
mesothelioma’) seems to have been the most
common. Four phases may be distinguished:
(a) before 1937, the quantity of asbestos
imports was probably low; (b) between 1937
and 1945, almost no asbestos was imported,
because of the war; (¢) after the second world
war ended there was a steep increase in asbes-
tos imports until 1975; (d) after 1975, asbestos
imports decreased, ending finally in 1997.
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French annual asbestos imports (1000 tonnes)
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Figure 1 Past French asbestos imports.

Table 1  Revisions of the ICD code and codes including pleural cancer in each revision

Revision Year of adoption  Period of use ICD code including mesothelioma
3 1920 1925-30 49: Malignant neoplasm of other organs or non specified
4 1929 1930-43 47: Malignant neoplasm of respiratory system
5 1938 1944-49 47: Malignant neoplasm of respiratory system
6 1948 1950-57 47: Malignant neoplasm of respiratory system
7 1955 1958-67 162.2: Malignant neoplasm of bronchus
162.8: Malignant neoplasm of bronchus, lung, and
multiple locations
8 1965 1968-78 163.0: Malignant neoplasm of pleura
9 1975 Since 1979  163.0: Malignant neoplasm of pleura: parietal
163.1: Malignant neoplasm of pleura: visceral
163.8: Malignant neoplasm of pleura: other
163.9: Malignant neoplasm of pleura: unspecified
10 1989 — C38.4: Malignant neoplasm of pleura
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Figure 2 Trends in past incidence and mortality of mesothelioma among men in France.

MORTALITY FROM MESOTHELIOMA
No mesothelioma registry exists in France, nor
is this cause of death a specific category used in
death certificates. Deaths from mesothelioma
are recorded among the deaths from pleural
cancer. French mortality data by age and sex
are available from 1925 onward—that is, from
the first year that the 3rd revision of the inter-
national classification for diseases (ICD-3) was
used here. From 1925 to 1996, seven succes-
sive revisions (ICD-3 to ICD-9) have been
used (table 1). Vallin and Meslé have estimated
the number of deaths corresponding to ICD-9
in 1925-78 (the last year that the 8th revision
was used).®”’

We calculated the number of deaths in men
from mesothelioma by multiplying the number
of registered deaths under ICD 163 by 0.81, a

1985 1990 1995
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multiplier obtained from the data of two differ-
ent studies that estimated overregistration and
underregistration.'® ' Because mesothelioma is
rare in young people, and difficult to diagnose
in elderly people, we took into account
mortality in the ages 50-79 years, considering
data for deaths outside this age range insuffi-
ciently reliable.

Three phases could be distinguished in the
trend of the observed mortality from mesothe-
lioma (fig 2): a stationary, low rate before 1940,
a slowly increasing rate in 1940-1970, and a
steep slope after 1970. The initial stationary
rate may correspond to the background
incidence without exposure. Because the la-
tency period for mesothelioma is about 35
years,’ exposure to asbestos, which began early
in this century, should have affected the
mortality from mesothelioma from roughly
1940 onward. The rapid increase in the rate
that began around 1975 corresponds, in view
of the latency period, to the post-war period,
when the industrial use of asbestos became
widespread.

RISK FUNCTION

Our approach is based on a risk function com-
posed of two separate functions: a background
risk function (the right hand term in the right
hand side of equation 1), which depends only
on age'’ and a function for the excess risk due
to exposure to asbestos (the left hand term in
the right hand side of equation 1), which links
a person’s risk of dying from mesothelioma
R(A) at a given age A with their past exposure
to asbestos. In this excess risk function, each
brief period of exposure at age a<A4 increases
subsequent risk by an amount proportional to
the concentration of exposure at that age c¢(a)
multiplied by a power of time from that point
A-a”:

c(a)(4 — o) + KpAP (1)

K and K, are the coefficients, and P, and P, the
exponents for the excess risk and background
risk functions, respectively.

The risk function for mesothelioma has been
studied in the past, and its parameters have
been estimated.” ' Almost all of these studies,
however, are based on groups of highly and
uniformly exposed workers. We estimated the
parameters of equation 1 for a general popula-
tion with heterogeneous and mostly low levels
of exposure.

(1) To estimate the parameters of the
background model (the right hand term in the
right hand side of equation 1), we used the
mortality data from 1925 to 1935. Because
asbestos imports into France began around the
turn of the century, and because of the lag
period of mesothelioma of 30-40 years, any
occupational exposure to asbestos affecting
mortality from mesothelioma in 1925-35
would have occurred before 1900. Moreover,
this mortality was relatively stable over the
decade in question (fig 2). All these reasons,
taken together, justify considering mortality
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from mesothelioma during this decade to be
the background level. We estimated this
mortality per year (11 years from 1925 to
1935) and per age group (six groups from 50—4
to 75-9 years) according to the background
model and fitted it to the real data by varying
K, and p,. This resulted in p,=3.5 and
K,=1.5x10"%, in accordance with previous
estimates. "

(2) The parameters of the excess risk
function were assessed on the basis of a sample
of the French male population for whom the
history of exposure to asbestos was known.'”
We used the bootstrap resampling method:
1000 bootstrapped samples were drawn from
the original sample, and for each one, the risk
per year and per age group has been calculated
according to equation 1. Previously calculated
parameters have been used for the background
risk. K, and p, were varied for each sample to
get the best fit to the real (observed) data. This
resulted in 1000 values for K and p,. We found
that for p, in the range 3.4-4.7, and K in the
range 3.34x10"*-6.38x10", and a background
mortality from mesothelioma proportional to
the 3.5th power of age (P,=3.5) (with a
proportionality coefficient K, of 1.5%10?), we
can satisfactorily model the past mortality from
mesothelioma in the French male population.
Previous estimations of p, lie within the range
2-3, whereas those for K, are roughly
10°-10%."

HYPOTHESIS OF A STANDARD EXPOSURE WINDOW
To facilitate the modelling here, we have
assumed that all exposed people were the same
age at first exposure (4, and were exposed for
the same duration of time L. Then, with a as
the age variable, we define the function U as
follows:

0 if a<4p
U(Ao,L;a) = 1 if A() S a§A0+L (2)
0 if a>Ao+L

and then denote as ¢, the level of exposure for
individual 7. The function ¢(a) in equation 1
becomes

c(a) = ¢;U(Ao, L; a) (3)

and ¢; is the only term that varies among
people. Thus, with R,(A) representing the risk
for individual 7 at age A, equation 1 becomes

a=A
Ri(A) = K.c: Y U(Ao, L;a)(A — a) + KpA”

a=0
(4)

The risk at every age for each birth-year
cohort is calculated as the mean of the
corresponding individual risks—that is, ¢, is
replaced by its mean—and equation 4 provides
the mean risk at a given age. Because this mean
risk is calculated by generation and all the other
parameters are constant for each generation,
the mean of each ¢; (the mean exposure level
per generation) is the only term that varies
among generations and thus the only term that
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(Emax)
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of the generation
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Figure 3 Trends in the mean exposure level per age at first
exposure.

represents the variation in exposure among
generations. The proportion of exposed people
is thus included in this mean level and does not
need to be assessed separately (a generation
with fewer, but more highly exposed people
may result in the same mean exposure level).
The mathematical consequence of the stand-
ard exposure window hypothesis is that the
distribution of the exposure among a genera-
tion is of no importance and only the mean of
exposure levels counts. We assessed the past
trend in the mean exposure level per generation
(c) from data about French asbestos imports
and predicted its future trend on the basis of
two extreme hypotheses, optimistic and pessi-
mistic.

Trend in the mean exposure level per
generation: according to our assumption, the
age at first exposure, A4, is the same for all
cohorts. This means that all exposed jobs that
began in a given year correspond to people in
the same birth cohort. To model the past trend
in this mean exposure concentration, we
assumed that for all jobs that began in a given
year, the mean exposure concentration (the
mean of all exposure levels including zero) var-
ied according to the level of asbestos imports.
That is, it went through five phases: slow
increase, steady increase, stationary, decrease,
and residual (fig 3). According to this assump-
tion, exposure began in year Y, the mean
exposure concentration was higher for workers
who started their job in year Y,+! than for
those who started in Y,. The rate of increase
was low until year Y, and higher thereafter,
until the highest concentration, E,, , was
reached in year Y, (Y, and Y, are years of start
of exposure, and E, _is the mean annual expo-
sure in fibres/ml/year). We assumed that the
mean exposure concentration of people whose
exposure began in year Y, was AE,, with A<I1.
We also assumed that the maximum concentra-
tion continued until year Y, decreased thereaf-
ter to reach the residual level of YE,  for year
Y, and will continue at this concentration for a
long period (fig 3). This assumption is
represented by the product E, XE(Y, Y, Y,,
Y, Y, 4,y ;g+A,), which provides the annual
mean exposure concentration for generation g;
E is the function in figure 3 and varies between
0 and 1. Finally the mean risk for generation g
at age A is given by:
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R(gvA) =

KeEmaxE(Y07 Yl: YZa Y37 Y47 >‘7 v 8 +AO)

a=A

> U(Ao, L; a)(A4 — a)* + KA

a=0

©)

THE MODEL’S PARAMETERS

The model’s parameters are (1) K, K,, P, and
P,, the parameters of the risk function; (2) 4,
and L, the parameters of the pattern of

individual exposure time; and (3) A, y and E,

maxd

the parameters of the change in the mean
exposure by generation from Y, to Y,. Because
E,. (multiplied by K,) is common to all
expressions in the excess risk model, it can be

factorised, and the product KE

considered

max

as one coefficient. The risk of dying from mes-
othelioma was calculated for the period from
1925 (the first year for which data are available)
to 2050, and for ages 50-79—that is, for the
cohort born in 1845 to that born in 2000. The
corresponding number of deaths per age has
been calculated as the product of the risk for
each birth cohort and each age included in our
study multiplied by the corresponding popula-
tion size (real population size for the past, and
future projections supplied by the French
National Institute for Statistics and Economics
Studies, INSEE). The KE,  product was var-

max

ied to get the best fit between estimated and
observed data (deaths 1925-96 per age group
from 50-4 to 74-9: 432 cells or pairs of
observed-estimated data) by minimising the
quadratic distance between the two sets of
data. The goodness of fit was assessed by the

distance d, defined as

d=> (0;-E)’/E

(6)

where O, is the observed and E, the estimated
number of deaths. To avoid very low values of
E, in the period of 1925-34, when there were
very few deaths from mesothelioma, specially
in the younger age groups, we merged the cells
over this period into 5 year periods. For exam-
ple, instead of 10 cells for the 50—-4 age group

Table 2 Range of variation of parameters affecting the fit

Parameter Range

P,

A, 15,16, 17, .
L 1, 5,10, 15,
Y, 1890, 1891,
Y, 1940, 1941,
A 0.1,0.2, ...,
Y, 1965, 1966,
Y; 1980, 1990

2,2.5,3,3.5,4,4.5,5

.5 30

20,30

1892, ..., 1905
1942, ..., 1950
0.5

1967, ..., 1980

P =exponent of the excess risk function; A,=standard age at first
exposure; L=standard duration of exposure; Y,=first year of
occupational exposure to asbestos; Y,=year that the rate of
increase of the mean exposure concentration per generation
began to accelerate (see fig 3); A=ratio of the mean exposure
concentration for the generation that began working in the year
Y, and the concentration for the most exposed generation (E,,,.);
Y,=year that the first of the most exposed generations began
working; Y,=year that the last of the most exposed generations

began working.
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and the 1925-34 period, we used two cells,
corresponding to the 1925-9 and 19304 peri-
ods. This resulted in 384 rather than 432 cells.

We varied the excess risk model parameters
through some plausible ranges (table 2). The
range for P, (2-5) was determined to include
previous estimates as well as our sample based
estimates. The ranges of Y,, Y}, Y, and / were
based upon the asbestos import data. Figures 1
and 3 show Y, around 1900 for first exposures,
Y, around 1945 for the steep increase in asbes-
tos imports and use after the second world war,
Y, around 1975 for the peak of asbestos
imports, and 4 0.1-0.5 to cover all possibilities
suggested by the trend in asbestos imports
already discussed. Those for A, (the standard
age at first exposure) and L (the standard
duration of exposure) were chosen to cover all
the plausible possibilities. For further projec-
tions, we defined two extreme scenarios: (a) the
mean exposure decreased rapidly for jobs
starting after 1980 or 1990 (Y,=1980,1990)
and will reach the residual concentration of
10% of E,,. (y=0.1), for jobs beginning after
2010 (Y,=2010); and (b) exposure will stay at
its maximum concentration until the end of our
study (y=1). We repeated all the processes
already described (calculating the number of
deaths per generation and per age, fitting the
results to the observed data by varying the
K, coefficient and calculating the distance d
for every combination of parameters
(15 138 819 combinations). We used d to
compare the fits among them: the best fit cor-
responds to the scenario resulting in the lowest
value for d; for the sensitivity analysis, we
defined by analogy to the 7y’ statistic an accept-
ability threshold for d equal to the value of %’
with 384 degrees of freedom and a=0.05.

For each year in 1997-2050, it has been
assumed that all men at an age have a life
expectancy equal to the mean for men at that
age in 1995. This procedure assumes that life
expectancy will not change throughout the
next half century. We calculated the number of
person-years lost because of deaths from mes-
othelioma (per year and per age), as the prod-
uct of the corresponding number of deaths and
life expectancy.

All programs were written in the Marlab spe-
cific and C programming languages running
under the Matlab environment.

Results

The mortality data used to fit the model came
from the period 1925-96. Both the optimistic
and pessimistic scenarios resulted in the same
mortality at each point during this period (for
any given set of other parameters) and,
therefore, in the same fit and the same value for
the KE,  coefficient. The difference between
the two extreme scenarios appeared only after
2020. The best fit (lowest d) was obtained with
p=4,A=27,L=5,Y,=1898,Y,=1940, Y,
= 1975, Y, = 1980 or 1990, and / = 0.3. The
range of Y, did not affect the fit over the period
1925-96 corresponding to the observed data.
Of 15 138 819 parameter combinations (for
each of the optimistic and pessimistic sce-
narios), 71 152 resulted in acceptable fits, with
a d value below our defined threshold.
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Table 3  Number of deaths observed (top) and estimated (2.5-97.5 percentiles)

Banaei, Auvert, Goldberg, et al

1925-9 1930-4 1935-9 1940-4 1945-9 1950-4 1955-9 1960-4 1965-9  1970-4  1975-9  1980-4  1985-9  1990-4  1995-6
504 5 5 5 10 21 38 59 50 38 45 89 108 131 121 51
(10-13) (12-16) (15-18) (18-22) (20-25) (28-36) (34-44) (38-50) (37-49)  (40-52)  (69-86)  (81-103) (89-114) (91-120) (36-52)
55-9 11 15 16 29 51 80 93 113 97 81 105 163 210 209 76
(11-13)  (13-20) (19-26) (27-34) (32-39) (40-48) (58-71) (72-90) (81-102) (78-99)  (95-116) (158-185) (188-222) (208-252) (85-106)
60-4 11 15 20 29 45 64 85 129 134 137 127 195 296 345 152
(13-13) (13-16) (15-28) (28-40) (38-48) (50-59) (64-75) (96-113) (120-143) (136-163) (132-159) (165-191) (277-305) (332-375) (145-169)
65-9 10 13 14 28 46 63 86 108 143 159 207 209 321 424 200
(13-13) (13-13) (13-18) (19-38) (33-50) (51-65) (70-82) (94-106) (139-158) (176-202) (202-233) (199-229) (253-284) (429-464) (195-219)
70-4 9 10 10 20 30 49 84 93 121 171 246 286 286 364 237
(11-11)  (12-12) (13-13) (13-19) (18-39) (37-59) (61-78) (87-102) (118-133) (175-197) (225-255) (263-299) (266-301) (349-393) (221-247)
75-9 8 10 10 18 35 56 62 75 96 119 185 268 370 323 153
(8-8)  (9-9)  (9-9)  (10-10) (10-15) (16-38) (36-58) (63-82) (90-108) (121-142) (184-215) (244-285) (297-346) (310-357) (122-143)

Table 3 compares the observed and calcu-
lated numbers of deaths grouped by 5 year age
groups and periods.

Diverse effects resulted from varying the
model’s parameters. Reducing A4, led to an
increase in the projected mortality, especially in
the pessimistic scenario, because of its prepon-
derant effect on mortality after 1996. Varying
L, the duration of exposure, had almost no
effect on mortality. Reducing Y, increased the

Table 4 Ranges of parameters of the selected scenarios

Minimum 2.5th Percentile Mean 97.5th Percentile Maxi mum
P, 3 3 3.65 4.5 4.5
A, 21 23 27.75 30 30
L 1 1 13.54 30 30
Y, 1892 1894 1899.9 1904 1905
Y, 1940 1940 1942.5 1948 1948
A 0.3 0.3 0.34 0.4 0.5
Y, 1965 1965 1972.8 1980 1980
Y; 1980 1980 1985 1990 1990

P =exponent of the excess risk function; 4,=standard age at first exposure; L=standard exposure
duration; Y,=first year of occupational exposure to asbestos; Y,=year that the rate of increase of
the mean exposure concentration per generation began to accelerate (see fig 3); A=ratio of the
mean exposure concentration for the generation that began working in the year Y, and the
concentration for the most exposed generation (E,,,.); Y,=year that the first of the most exposed

generations began working; Y;=year the last of the most exposed generations began working.
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Figure 4 Mortality from mesothelioma and projections. Observed data (thick grey circled
line) ; oprimistic (full line) and pessimistic (dashed lines) projections, with minimum, 2.5
percentile, mean, 97.5 percentile, and maximum respectively from bottom to top. Mean
curves are very close to the best fits (not shown here).

Table 5  Results overview

Optimistic Pessimistic

Annual mortality peak {year of the peak} (mean (2.5 percentile-97.5 percentile)):
1140 {2026} (820 {2026}-1480 {2027}) 1300 {2043} (990 {2043}-1630 {2043})

Total number of deaths occurring in 1995-2050 period (mean (2.5 percentile-97.5 percentile)):
44 480 (32 860-58 910) 57 020 (45 430-68 730)

Total of lost person-years of life due to deaths occurring in 1997-2050 period
(mean (2.5 percentile-97.5 percentile)):

877 200 (647 300-1 163 100) 1171500 (913 800-1 419 900)

risk for the first generations exposed, and thus
the number of deaths before 1996; conse-
quently, it reduced the coefficient KE,  and
projected mortality. Either increasing Y, or
decreasing A reduced the number of deaths
before 1996 and increased both the coefficient
KE, and the projected mortality. Increasing
Y, increased overall projected mortality; its
effect on the results was greatest when 4 was
lowest. The effects of Y,, Y, and y were exerted
primarily on the generations in which most of
the deaths between the ages of 50 and 79 years
did or will appear after 1996. Their increase
will thus cause projected mortality to increase.
The increase of the exponent p, resulted in an
exponential increase of the mortality among
older age groups. To offset this effect, the fitting
process automatically decreased the KE, .
coefficient at the same time as it shifted the Y,
-Y, parameters slightly to the left.

Table 4 reports the range of parameters that
resulted in acceptable fits. Note that the ranges
mentioned here are not confidence intervals.
The mean (range) p, parameter was 3.65
(3-4.5). The mean (range) age at first expo-
sure, A, was 27.75 (21-30). The mean (range)
duration of exposure L was 13.5 (1-30).1

The mean (range) KE,  coefficient was
1.52x10™" (2.28x10" to 6.24x10™""). Data
from the sample’” showed that the most
exposed cohort was that born around the year
1940; its mean cumulative exposure was about
0.8 fibres/ml. K, can be calculated by multiply-
ing KE, by the duration of exposure L and
then dividing by 0.8. This equation yielded a
mean (range) for K, of 3.9x107° (2.66%10” to
4.98x10™").

Figure 4 and table 5 report the mortality
results for both the optimistic and pessimistic
scenarios. In both, mortality from mesothe-
lioma will continue to increase and will reach a
peak between 2025 and 2040. In the optimistic
scenario, the mean (2.5-97.5 percentile) was
1140 (820-1480) deaths per year for people
aged 50-79 (all results corresponding to the
best fit scenario are quite close to the mean
values, which could therefore be regarded as
the results of the scenario that best fits the
observed data), and will be reached around
2027; mortality will drop thereafter; and for the
period 1997-2050 there will be 44 480 (32
860-58 910) mean (range) deaths, and
877 200 (647 300-1 163 100) lost person-
years attributable to mesothelioma. The pessi-
mistic scenario foresees a mean (range) 1300
(990-1630) deaths annually in about 2040; it
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will stay at this maximum value (saturation
level) until the end of the study. This
corresponds to 57 020 (45 430-68 730) mean
(range) deaths and 1171500 (913 800—
1419 ) lost person-years during the period
1997-2050.

These results indicate that any reduction in
exposure to asbestos now will not affect the
trend in mortality from mesothelioma before
the year 2030. Such a reduction would,
however, save about 10 000 lives and 275 000
person-years of life to the year 2050.

Discussion

The number of deaths from mesothelioma has
been estimated from deaths coded as pleural
cancer (code 163 ICD-9). Based on studies
limited in time and space,'® "' we used the ratio
0.81 between the number of deaths from pleu-
ral mesothelioma and all deaths coded ICD
163 as established around 1990, a period dur-
ing which the epidemic of mesothelioma asso-
ciated with asbestos was well under way. None
the less, we applied it to data for France as a
whole for the entire period 1925-96, thereby
assuming that these ratios remained constant
over this 72 year interval. If, however, other
types of pleural cancer did not increase during
the period under consideration, the 0.81 ratio
would tend to overestimate the number of past
deaths from pleural mesothelioma and would
thus lead to an underestimation in our projec-
tions.

Another source of error could also involve
the number of past deaths from pleural cancer.
These were estimated over several revisions of
the ICD, and each estimation could be a source
of error. Also, the coding process necessarily
includes errors. Technological advances in
medicine are leading to ever more exact
diagnoses of cause of death. It is thus highly
probable that the risk of classification errors in
both directions (false positive and false nega-
tive) is more common for the older data. None
the less, these two errors seem to be independ-
ent, and we hope that they essentially cancel
each other out.

Despite all of these possible sources of error,
these data and estimates are the only means we
have to come close to an accurate assessment of
the number of deaths from mesothelioma. We
have tried to reduce these errors by considering
an age interval for which diagnostic error is
relatively less frequent. In the absence of more
reliable data, these are the best mortality
figures available.

Peto et al used a ratio of 1 for overall deaths
in men from mesothelioma to mortality from
pleural cancer for the French data.! Our
estimation of 81% is based on data that include
certain and probable mesotheliomas. If we had
included the tumours considered as possible
mesotheliomas, we too would have obtained a
ratio of 100%. Substituting a 100% ratio
increases all the results presented above by
20%. Gilg Soit Ilg ez al used the value of 0.797
for this coefficient.® This slight difference arises
from a difference in our initial data.

Our choice to standardise age at first
exposure and duration of exposure was hypo-
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thetical. It did, however, allow mean exposure
concentrations to be assessed for each birth
year cohort rather than for each person
separately. We compared actual mortality with
the application of this hypothesis among a
sample of French men with precise individual
histories of exposure to asbestos.'” We calcu-
lated the mean risk per age and per cohort by
two methods: (a) taking into account indi-
vidual exposure profiles, with different ages at
first exposure, durations of exposure and expo-
sure concentrations, and (b) assigning the same
age at first exposure and the same duration of
exposure to all exposed people; for these
parameters we used the values found to result
in acceptable fits. The two methods yielded
similar approximations of the risks (results not
shown). Furthermore, the results obtained
with this conjectural assumption fit the ob-
served data well.

The figures on imports of asbestos provide a
rough measure of the French population’s glo-
bal exposure, as imports have been the
exclusive source of asbestos in France. Taka-
hashi et al have shown that, with a time lag,
there is a strong correlation between overall
consumption of asbestos and both the inci-
dence of and mortality from mesothelioma in
10 western nations and Japan.'® The curve of
mortality from mesothelioma for Great Britain
presented by Peto er al matches almost
perfectly the curve of asbestos imports for that
country (with a lag of roughly 50 years).* We
can therefore reasonably assume that an
increase in asbestos imports augments the
exposure of the overall population—either
exposure concentration or the proportion of
exposed people, or both—proportionately to
the rate of that increase. We can also assume
that the contaminating effect of imported
asbestos continues for a long time after being
imported, so the consequences of decreased
imports are less evident, at least over the short
term. The cumulative effect of previously
imported asbestos may persist for several years,
through several stages of its use, from the
asbestos transformation industry involved al-
most immediately after importation to the sub-
sequent changes in materials that contain
asbestos, which may occur years later. Our two
extreme hypotheses are designed to cover all
possibilities. Regulatory actions that aim to
reduce exposure to asbestos partially decreased
the exposure of the overall population: the first
regulations in France were issued fairly late, in
1977, and concerned only a small fraction of
the general population of French men. More-
over, although the first wave of deaths from
mesothelioma resulted from high exposure
among the small group of workers involved in
asbestos production and transformation, from
the 1980s onward nearly all cases have been
due to lower concentrations of exposure on a
much wider scale. These are associated with
manufacture of material containing asbestos,
and at least until very recently in France, have
not been affected by the protective measures
taken.* 7 " We can assume that our optimistic
scenario, which concerns the generations
whose first exposure occurred after 1980 (Y)
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takes all current regulations into account for
these generations.

Our projections—both pessimistic and opti-
mistic scenarios included—for around the year
2030 range between 820 and 1630 deaths
annually and are thus close to those of Gilg Soit
Ilg et al, who projected between 800 and 1600
deaths annually around the year 2030. Their
optimistic hypothesis assumes that the risks of
future birth cohorts, starting at the value
estimated for the 1954-8 birth cohort, will
decrease continuously to zero for the cohort
born in 2034-8; their pessimistic hypothesis
supposes that the risks of future birth cohort
risks will stay at the level of the highest
estimated past cohort. They calculated the
male mortality for ages 25-89, whereas we
considered only men aged 50-79 years. The
risk of mesothelioma is low before the age of
50, and although it is higher in older age
groups, after the age of 80, the relatively small
population for this age group means that the
actual number of deaths is low.

Their pessimistic projection reaches a steady
state of 2500 deaths annually around the year
2050, whereas our comparable scenario
projects a steady state of 990-1630 deaths
annually around the year 2040. Some of this
difference may be explained by the increased
life expectancy combined with consideration of
deaths from mesothelioma after the age of 80.
Also, Gilg Soit Ilg ez al used observed data for
the period 1951-95, whereas we used observa-
tions from 1925 to 1996 and thus fitted our
model to more points. Peto et al, with the same
method as Gilg Soit Ilg ez al, predicted a peak of
1550 deaths annually around the year 2020 for
the French male population, with a total of
45 000 deaths to men of 40-84 years old in
1995-2029."' They presumed an overall ratio of
deaths from mesothelioma to deaths from
pleural cancer of 1:1; had they used the 0.81
ratio, their peak value would have been 1255
deaths annually, close to our results.

Conclusion

We modelled past trends in exposure to asbes-
tos in French men with data on asbestos
imports and past mortality from mesothe-
lioma. With two extreme hypotheses on future
exposure trends and a risk function that
indexes the risk of death from mesothelioma as
a function of past exposure to asbestos, we have
calculated the number of deaths from mesothe-
lioma to the end of 2050.

According to our results, the number of
deaths from mesothelioma among French men
aged 50-79 will continue to increase, reaching
a peak of 820—-1300 deaths annually around the
year 2030. Until that year, no preventive meas-
ure applied now will affect this trend.

From 1997 to 2050, the most optimistic and
pessimistic trends of future exposure will lead
to the deaths of 44 480-57 020 men from
mesothelioma, with a corresponding loss of
877 200-1 171 500 person-years of life.

Our results indicate that no future preventive
measures will affect the trend in mortality from
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mesothelioma in men until after 2030. The
banning of imports that began in 1997 in
France will certainly play an important part in
an immediate reduction in high exposure and a
longer term reduction in lower exposures.
Most of the deaths in the future, however, will
be due to intermediate and low concentrations
of exposure affecting a large portion of the
population. Thus, although the French occu-
pational health and safety authorities have
taken many measures in recent years to
improve protection, especially for the many
occupations involved in work with materials
containing asbestos—for example, in the con-
struction industry—more concrete measures
are required to protect most of the exposed
population. Removal of existing asbestos, espe-
cially in buildings, could be an effective protec-
tion, provided that it could be done in a way
that was safe for the workers involved.
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