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Analysis of Current Trends in United States Mesothelioma Incidence
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Mesothelioma incidence often is interpreted as an index of past exposure to  @itborne ashestos. The
mesothelioma rate for US males exhibits an increasing trend throughout the 7970s and early 7980s. The trend
has been atiributed to accupational exposure in the shipbuilding industry during World War 11, in manufac-
turing, and in building construction. Incidence data (7973-7992} from the Surveillance, Epidemiology, and End
Results Program were used to investigate cutrent trends in age-adjusted and age-specific mesothelioma
rates. An age and birth-cohort model was used to project both lifetime probabilities of mesothelioma by cohort
and the annual number of cases expected over the next 70 years. The current trend in female rates is flat
(age-adjusted rate = 0.3¢ per 100,000). The estimated lifetime risk for females is 2.5 x 10", independent of
birth cohort, The projected average annual number of female cases is 500. For mates, the age-adjusted
mesothelioma rate is increasing solely due to the age group 75 years and over, albeit at a declining growth rate.
fdetime risk for males peaks at 2 x 70-3 for the 7925-7929 birth cohort. then decreases to 5 x 104 for the
1955-1959 birth cohort. The pattern of rates reflected in the age and birth-cohort model suggests a peak in
the annual number of mesothefioma cases for males at 2,300 before the year 2000. The number or male cases
then will drop during the next 50-60 years toward 500, These trends mirror the US trend in raw asbestos
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consumption and a reduction in workplace airbome asbestos levels, Am J Epidersiol1997:145211-18,
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Mesothehoma incidence often is interpreted as all

index of past exposure to airborne asbestos. The inci-
dence of mesothelioma for United States males exhib-
its a generally increasing trend throughout the 1970s
and early 1980s (1-3). The trend has been attributed to
occupational exposure to asbestos, which, for some
workers, was substantial from the 1930s through the
1960s (1, 4). Occupational exposure in the United
States during this time period occurred in the ship-
building industry during World War It, in manufac-
turing, and during building construction (1, 2). Cur-
rently, exposure potential exists for asbestos removal
workers; workers conducting renovations in buildings
with asbestos-containing material; and maintenance,
repair, and custodial workers in buildings with
asbestos-containing materials. These exposures, how-
ever, are orders of magnitude lower than historical
occupational exposures (3).

Trends in mesothelioma incidence rates have been
stndied vsing various databases and methods both in
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the United States (3, 6-8) and in the United Kingdom
(9)_ Spirtas et al. (3), using incidence data from New
York State; Los Angeles County, California; and the
Surveillance, Epidemiology, and End Results (SEER)
Program demonstrated a statistically significant in-
crease for males over time by comparing data for
1977-1980 with data for 1973-1976. Peto et al. t9)

analyzed death rates from mesothelioma registries in
England, Wales, and Scotland. They reported an in-
creasing trend in the 1970s and 1580s and a continu-

ation of the trend for men now under age 50 years,

most of whom began work in the mid-1960s or later.
They concluded that exposure in the United Kingdom
was greater around 1970 than in any previous period
and that mesothelioma rates will continne to increase

as that generation ages.

Mesothetioma data from the SEER Program data-
base (10} for 1973-1992 were used to analyze current
trends in age-adjusted and age-specific US niesotheii-
oma rates and to project lifetime probabilities of con-
tracting mesothelioma for birth cohorts beginning with
the 1885-1882 cohort and continuing through the
1955-1959 cohort. The results of the analysis show
the downward direction of mesothelioma incidence in
the United States. The paitern of mesothelioma inci-
dence mirrors the US trend in raw asbestos consump-
tion, which approached peak levels during World War
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I, as well as the timing and impact of government
regulations that address asbestos exposure.

MATERIALS AND METHODS

Mesothelioma (pleural plus peritoneal} ncidence
rates were developed from the SEER database, which
represents 9.5 percent of the US population (11). The
database is organized by case. Each case is identified
by age, sex, race, date of diagnosis, and other infor-
mation characterizing the cancer type. Data on malig-
nant mesothelioma of the pleura and peritoneumn were
compiled by sclecting cases with Intentational Clas-
sification of Diseases, Ninth Revision, morphology
code 905 and topography code 163.9 for pleural me-
sothelioma and codes 158.8/158.9 for peritoneal me-
sothelioma. These data were used to develop rates for
S-year age groups in each diagnosis year. Three sets of
rates were analyzed: 1) age-adjusted rates; 2) age-
specific rates for 10-year age groups; and 3) 5-year
age-specific rates for S-year birth cohorts beginning
with the 1885-1889 cohort and continning through the
1955-1959 cohort. ’ .

Trends in age-adjusted and age-specific rates were
investigated by fitting a three-parameter logistic
growth curve (i2) to the data. The logistic curve
smooths fluctuations in the observed incidence rates
and highlights trends. The. logistic growth curve equa-
tion is: .

Y= 0141 + m X expl - rg X X}

where Y = age-adjusted or age-specific mesothelioma
rate; X = diagnosis year and J3 = growth curve
parameters.

The distribution of male and female mesothelioma
incidence 1ates by age and birth cohort were analyzed
by Poisson regression (13, 14} to obtain models that
could be used to project future mesothelioma inci-
dence and lifetime mesothelioma risk. Mesothehoma
counts extracted from the SEER database by age and
year of diagnosis were translated into 5-year age group
counts for each 5-year birth cohort. Person-years for
each age and birth-cohort group were developed in a
similar manner using population counts recorded in
the SEER database. These data were used to fit-a
standard age and birth-cohort model: wt=a, x d
where [p, is the incidence rate for the ith age category
and jth birth cohort; a, is the age-specific incidence
rate for the ith age category; and ¢J is 2 measure of the
cohert effect for the jth birth cohort.

The model was fit by the maximum likelihood
method using GAUSS (Aptech Systems, Inc., Maple
Valley, Washington). The cohort effects (i.e.,, {¢+})
were normalized by forcing ¢9, the effect for the

“specific

1925-1929 birth cohort, to take the value 1.0. The
other cohort parameter values, therefore, may be in-
terpreted as estimates of relative risk (i.e., relative to
the 1925-1929 cohort). For this parameterization of
the age and birth-cohort model, [a,) represent age- -
specific mesothelioma incidence rates for the 1925-
1929 birth cohort. Predicted mesothelioma counts
‘were obtained for the ith age group and;jlh birth cohort
group by multiplying the incidence rate (v = o,
X () by the person-years for that group.

DEVCAN (15), the National Cancer Institute life
table analysis procedure for estimating lifetime cancer
probabilities, was used to project the lifetime proba-
bility (also referred to as lifetime risk) of contracting
mesothelioma for each birth cohort. DEVCAN re-
quires age-specific mesothelioma incidence rates, age-
mesothelioma death rates, and age-
specific death rates for all causes. For each cohort, the
mesothelioma incidence rates used with DEVCAN
were the observed rates calculated directly from SEER
data, where available, or the predicted rates from the
Poisson regression otherwise (i.e,, a X ¢ forthe
(i,j)th age and birth-cohort group). Because mesothe-
lioma is considered to be fatal within T or 2 years after
diagnosis, the mesothelioma death rate was set equal
to the incidence rate. Male and female death rates for
all causes were based on US mortality statistics for
1990.

Approximate 95 percent confidence intervals for
lifetime risk were determined by Monte Carlo simu-
lation. Monte Carlo replicates of lifetime risk were
developed by using the observed mesothelioma counts
for each age and birth cohort group as expected values
for the Poisson distribution. Based on these expected
values, a new set of Poisson distributed mesothelioma
counts were generated {16), the parameters of the age
and birth-cohort model were estimated from these
counts, and DEVCAN was applied to compute life-
ti me risk for each cohort. This procedure was repli-
cated 100 times- A confidence interval was calculated
for each cohort from the mean and standard deviation
of the 100 replicates.

The Poisson regression models and DEVCAN also
were used to project the number of mesotheiomn
cases for males and females in the future. Historical
counts of male and female births were used as starting
populations through the 1990-1994 birth cohort. Fu-
ture birth cohort populations were assumed to be the
same size as the 1990-1994 cohort. To project beyond
the 1955-1959 cohort, the downward male trend was
continued by using the 1885-1889 birth cohort inci-
dence rates for the 1960-1964 birth cohort and the
average female rates for all subsequent cohorts. To
project mesothelioma cases for females, the average

Am J Epidemiof Vol 145, Ne. 3, 1997



s At B o I e e e S0 o, I N NN Y T T L ks
NN " =

B R

Fopgd”
REG-
ages

g ;he

-PN

EER

¥ thé

[ the

sphtg-

after
quad

fin
It
wire
RS
s
i ()
fma
48
fese
Kl

‘apli-
ated
atibin

- dilser
A,

sl

"mtg.

)f' }e.

: s 1
'ma}cs ]’el! from 149 percem Tor 3%

15t / - aga;:la,mzapﬁ
554 ynnrs, iz g.mwm Fardis egative,

Predicted counts and lifetime: prabrbility 16k of
mescthelmma : 2 ‘

peseent For 19911992, ‘I”n«z prowih vate fér Eemaics :s

il

2 in
nivh T

loeisiner: B35 Jhies WDI0G

=
£
0

‘3{1 B . L S e ‘ - .." '-,..15.‘.-'

B
e M;lu'{)l-fcrv-d : -Lﬁ;&wﬁxlﬁiaé&t

ok chﬁ« DM??" ; td
FIGURTE Y. -Ape-pduested messialioma m:&{-‘ﬂm?e [gmmral + prrivonen) - ﬁbsaweﬂ.anﬂ pma;!iw-d. Bistar i SEER data, ﬂﬁv‘&?’ﬂbﬁr 1945,

A Eplasoiet Vol 185, No. 4, 187

.
kE
3.
&
E
i

g
]
5
L
¢

S

i

SR

S

e




T o BRI T L s e e

Ay

R S E e o e 2y

2ig pibe

tn&&nmé_’ni@@@ﬁ};.-
:5{‘

“mﬂt,E 1. Ma!e‘-nga—-specrim me*mﬁmm gldings (plaital
i _:tamal; gropth ‘tated in 198 and 1832 based on the
! p-paramelsr iagistic, {;mw!h cum;

. j# 5e0p. e war

e 352 15 _ 1592 {5} (}ffema]ﬂ gases vl remain cumtam at: aypraxamdmly
e 22 22 : 5OB por your. The nurpber of maly: mesotbeliona cases
?f,j: ’ %:g - isTikely fo peak hefore tie year 20083 approximaiely
e 77 36 2300 gases. and then decting w approxiog iciy Sﬂl}

e BalsBigeowin cusve wias e i wthesg dati batiaosa the xases peryent’ b}‘ 2055,
frekdonsa rala datiines olde phoa, THE 9w ridgs i lakte wets
ﬁﬁn’*;ﬁﬂ !a’wﬂa senlgh ne it "ym 3 eﬂﬁ XA 3. 1 e, 2, s

&y Bl 04720 wolisd = G000, RISCUSSION -
f‘ﬁm vl WSéNaﬁ:&‘\ fer ?’5@9 WS troated as an outlise s -
st iised to obtaintho foginbh it f5ee figuni 2). “Ths. andlysxs of mcsc-ﬁml.cam mcadtncc m:nds ¥

potied hare js baved on dat; chligoter
program, whtch mzy l:n: in Fprete

ounts mdmazf_ thiw: tm: mc-‘dcl aé:&qumcly cagiresdhe.

f gurc A The o ﬁﬂﬂ‘ﬁ‘i i’ ﬁgurﬂ 3 ﬂispiw ir
mmtiw!mmz nsk'vz.rsm bmh cohion: ft;r males nd

At AR, v age lnvcl apprommamiy'-
XA,




oy
o
U
LY
el
ad
3
15k
2
-;)l
mu
-5E
R
‘A(

3
=ak
e
i
98
A

PP

TABLE 2 Mol il miesoihelimbas bsereed e prectcted bt ags anit bl cohrts

P A o S < - -
CGeds  pothl  Coide  odls o oess (oM 3N wESN e SEG

16GH "G00 Sl IR fopnid iy

st - Eom
X .

gy




216 Price:

RiskY T Unets. o 15

.

i

[

a .

g L] ‘“/ 9"‘,‘\ ~
Lk

.f:.
R

% ~t

R

. z i Famnies A
2 .
E

N N it S v_i emisini IR, i
18T . FOLY  peEE 2037 3037 ‘ -Eﬂﬁ;”

iy

-.ﬂaukne 4 Projedtegnumber of. wiesOthabonid Cases. Poiss0n Forassion and DEVEAN fte gable asmlysr* uoid: 19 mect the I!*.t'ﬁbﬂt o
i ééimw i Cages NG S fulure basﬂﬁ ol BEEH: tfa!a N;w*m AGHE. - :

, Iy
25 Years. ortinte. (}mw{h mesﬂ‘m

A pidemr’d \&:L.‘M 1. 3,162




more, although positive, are falling (table 1). Growth
rates for all other age groups are near zero or are
negative,

These general trends in age-adjusted and age-
specific rates (figures | and 2) are represented by the
three-parameter logistic growth curve. The curve is a
model for quantities with growth rates that decline
linearly as the quantity increases (12). The logistic
curve has been used in this analysis to smooth fluctu-
ations in incidence rates over the range of the observed
data and thereby highlight trends. It cannot, however,
capture downward trends in incidence. Therefore, it
has not been used in this analysis to make quantitative
projections of incidence beyond the range of observed
data.

The overall dynamics of long-term growth and de-
cline in male mesothelioma incidence are reflected in
the pattern of lifetime risk (figure 3). The maximum

lifetime risk appears for the 1925-1929 birth cohort.’

Male members of this cohort would have been at work
in shipyards, manufacturing, and construction during
the years 1930-1960, a period of increasing and max-
imum asbestos consumption in the United States, Sig-
nificant growth in the use of asbestos began in the
1930s, was halfway to peak consumption in 1940,
peaked in 1930, where it remained until 1970, and ¢hen
declined precipitously (2, 28). Workers born after
1929 have experienced fewer years of exposure at
peak asbestos consumption levels.

Workers born after 1929 also benefit from the Oc-
cupational Safety and Health Administration and the
Environmental Protection Agency asbestos programs.
The Ocenpational Safety and Health Administration
has reduced its permissible exposure li mit four times
since 1971 (29-31), and the Environmental Protection
Agency restricted the use of asbestes in building con-
struction and imposed work practices for building
demotitions (32)_ Currently, the potential for asbestos
exposure, albeit at very low levels relative to historical
worker exposures, remains only for asbestos removal
‘workers, workers conducting renovations in buildings
with asbestos-containing material; and workers con-
ducting maintenance, repair, or custodial activities in
buildings with asbestos-containing material.

The overall dynamics of long-term growth and de-
cline in mesothelioma incidence have been analyzed
using the standard age and birth-cohort model. From a
modeling perspective, the age and birth-cohort model
provides a more detailed and accurate basis for pro-
jecting mesothelioma trends than de trends derived
from age-adjusted and age-specific aggregates. Nev-
ertheless, the model is an approximation, and the
amount of data available for the earliest and most
recent cohorts is sparse. However, the relatively small
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differences between observed and predicted mesothe-
lioma counts {table 2) indicate that the model ade-
quately captures the general trend in mesothelioma
risk. The estimates of lifetime risk reflect a relatively
large degree of statistical uncertainty for the most
recent birth cohorts (refer to the 95 percent confidence
intervals in figure 3), but not large enough to obscure
the.overall downward trend.

The projected number of mesothelioma cases for
future years is sensitive to assumptions concerning the
incidence rates for birth cohorts after 1959. For fe-
males, the average historical mesothelioma rate was
applied to all cohorts after the 1955-1959 cohort This
assumption is not controversial because the trend for
females has been virtually constant for the past 20
years. The projected numbers of male cases are based
on stronger assumptions. To project beyond the 1955-
1959 cohort, the downward male trend was continued
by substituting the [ 885-1889 birth cohort incidence
rates for the 1960-1964 birth cohort and the average
female rates for all subsequent cohorts. Different as-
sumptions about future rates could either increase or
decrease the number of cases projected for the future
or extend the time it will take to reach background
levels, However, independent of the particular as-
sumptions selected, the characteristics of the trend
would not change, with a peak around the year 2000 at
approximately 2,300 cases, followed by a decline to -a
constant packground level.

The analysis by Peto et al. (9} of mesothelioma in
the United Kingdom indicates a peak around the year
2020. The difference between the United States and
(:nited Kingdom results is a consequence of the timing
of maximum exposure. Peto et al- report that maxi-
mum exposure in the United Kingdom occurred
around 1970, whereas maximum exposure in the
United States occurred from the 1930s to the 1960s.

Considening the time period of maximum exposure,
the subsequent downward trend in exposure, and the
currently low exposure levels experienced by workers
(5), the assumptions used to project the number of
future US cases are reasonable. The US peak in cases
occurring approximately in the year 2000, and the

'decline during the next 30-60 years toward 500 re-

flects both the US trend in raw asbestos consumption
and reductions in workplace asbestos exposure levels

over time,
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