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Approvimaiely  19.000 cases of mesothelioma and
35.000 cases of lung cancer will arise in. U.S. men with
Histories of nontrnigl occupational exposure to asbestos.
There are approumately 65,000 LS. men now alive with
clinicoliv diaynosublé asbestosis. These estimates are based,
1 the cose of the cancer, on estimates of the effective
number o! gsbestos-eaposed workers required 10 produce
the current nationdl incidence of mesothelioma. The asbes-
tosis estmutes are bused on a number of rough measures
relatine thy prevalence of osbestos.s to the.incidence of
mesothehoma. the incidence of compensable. asbestosis in
Giner countries, the prevalence of and mortality- from
prncumocomoses generally, and the number of workers
heai 1l exposed 1o asbestos.

Overview

The purpuse of this report s to arrive at estimates of the
number of cases of mesothclioma, lung cancer, and asbes-
10sts whizh wiii arise 1n the United States between the years
1085 and 2009 This 1s a shightly different goal from that
of othery, who have made simildr attempts, gencrally -
siricted to cancers {e.g . Hogan and Hoel 1981 and a num-
ber of contributors to the minth Banbury Report, 1981,
edited by Petlo and Schneiderman.) Whereas others have
tricd to estimaie the extent of disease attrioutabie 1o as-
bestos exposute, we provide here estimates of the total
amount of disease in persons with nontrivial exposure to
asbustos, We chose this latter approach because the pro-
jections were undertaken out of a need to estimate the
numbers of lawsuits which mught arise from asbestos-
exposed, il persons. Since attribution of the cause of an
iliness 15 difficuit al best on an individual case basis, all
Ml persons 1n 4n exposcd population represent potential
htigants, and 11 15 their number that we seek 1o esumate
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Projection of future cases of mesothelioma and lung
cancer depend on a number of steps, ail of them starting
with the number of cases of mesotheiioma occurring in the
United States. We begin with the cases of asbestos-related
mesothelioma occurring in the late 19705 and infer the
size of the asbestos-exposed popuiations which would be
required to produce thai number of cases. Using actuarial
techniques and johns-Manville {{-M) case data to provide
some details of exposure timing, we then back-calculate w0
estimate the size of the original exposed work. force from
the 1930s on whose remnants are now afive. Again using
actuaria! methods and drawing on known exposure-disease
incidence curves, we then project the number of cases of
mesothelioma and lung cancer which are likely to occur in
the future in the exposed worker population.

Since the clinical manifestations of mesothefioma vary
according tu the intensity of asbestos exposure, we can
make a limited refinement of the procedure above by
classifying the projected cases as deriving trom relatively
heavy or relatively light exposures. This is achieved b\
comparing the distribution of sites of mesothelioma in
known relatively hea.ily exposed cohorts, such as insuta-
tion workers, in whom discasc is peritoneal at ieast haif tne
time, with that observed in the United States as a whole, in
which peritoncal disease occurs only 10% of the time.

Projection of the burden of asbestosis in the Unitco
States depends both on the rate of occurrence of new dis-
ease and gn the prevalence of old discase, which may or
may not yet have been medically diagnosed in any given
individual. Accounting for prevaient but as yet undiagnoscd
cases of old discasc is necessary for asbestosis but not for
mesothelioma or lung cancer because the fatter cancers are
either detected or lead to death (usually both) within 2
period less than two years after clinical onset of discasc.
Asbestosis sufferers, on the other hand, may live for many
years with diagnosable {but undiagnosed) discase and
represent 3 large pool of potential litigants who can “be-
have like™ new cases &t avy lime, simply by being made
awidre of the nature and probable origin of their discasc.

We have inferred the number of prevaient asbestosis
cases in the late 19705 by two principal methods. in the
first, we estimatlc what proportion of mesothelioma cascs
have diagnosabic asbestosis, and we compare this figure to
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the rate 2t which people with asbestosis develop mesothe-
!tioma. Knowing thc approximate number of mesothelioma
cases with asbestosis and the rate at which mesothelioma
occurs in asbestotics, we can calculate about how many
asbestosis sufferers there must be in order to account for
the observed number of mesothelioma cases occurring
among them. in the second method we have drawn on
another, independent aspect of the asbestosis-mesothelioma
relationship. In studi»s of groups occupationally exposed to
4 3sbesios, the death rates from mesothelioma and asbestosis
have been found to be nearly identical. Thus, projections of
mesothelioma deaths in persons exposed 10 asbestos can ve
expected to give an approximation of the aumher of
asbestosis deaths. Several studies have provided data o1 the
mortality rate in asbestolics and on what proportion ot the
mortality is due to asbestos. The rnumber of asbestotics can
be inferred from the numb&er of asbestosis deaths and the
mortality rates in persons with asbestosis.
, At this point the asbestosis projections depend on a
7‘3: scientific judgment whizh has to be made on the basis of
very littie directly relevant data. The question is: Do new
cases of asbestosis continue to appear many years after the
cessation of exposure or, after a certain lag period, does
the occurrence of new cases stop?” Put another way: “Does
cleaning up the workplace diminish the risk of those work-
ers who have already been heavily exposed 10 asbestos but
as yet, have no disease? "Preliminary |-M data suggest thatk
{ tleaning up the work environment does reduce the risk of
\mose aiready exposed, although not immediately to zero.

"Asbestosts prevalence projeciions have been made on the
assumption that new cases actually occur through 1984 and
that from 19835 on any apparent new cases represent new
diagnoses of existent disease.

Several other "guick and dirty" asbestosis proje-tion
methods are available. These depend on drawing analogies
between the Uniteg Kingdom anc the United States on use
of relative mortality figures, and on the extrapolation of
data from x-ray surveys of exposed worker..

}-M data on wornen are too scanty to allow any direct
estimation of the number of cases in women of asbestos-
related disease. {Less than $% of suits derive from women.)
Estimating female disease has to br based on deriving
approximate proportionality constants: based on the
probable historical timing of female workers exposed to
asbestos, the current 5% figure can be expected to decline
1o nearly zero over the next two decades.

The tasks and subtasks which are involved in disease
projection are as follows:

1. Determine the effective number of past asbestos

workers.

3. Determine the number of cases of mesothelioma in
the United States, 1975-1979.

b. Calculate the fraction of mesothelioma cases with
a documentable history of asbestos exposure and
what fraction of the exposed are likely to have
been heavily exposed.

¢. Esumate the timing of the exposure history for
S cases.

d Calcutite the number of workers now alive and
exposed at different times in the past which would
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be required to account for the current observed
mesothelioma incidence.

. Using actuarial techniques, calculate the size of the

originally exposed worker population which wouid
yield the estimated numbers of currantiy hving,
previously exposed workers.

. For exposure in the more recent past {which

would give rise 1o no current discase;. estimate
exposure which could give rise to future disease.
i. Use survey data to estimate expusure histories.
ii. Use information on changing workp.ace envi-
ronments to adjust crude exposure esumates.
iii. Adjust all original estimates of the number of
exposed workers sn that the towal number of
cases of mesothelioma being observed is consis-
tent with total estimates of the exposed work-
force {distant past plus recent past}

2. Project mesothelioma incidence.
a. Actuarially adjust the size of the exposed popula-

ticn to account fc- future mortality and calculate
the incidence of new cases in the reduced exposed
populations.

b. Examine seasitivity of projectivns to component

assumpotions.

3. Project lung cancer incidence.
2. As above, adjust the size of the at-risk populations

to account for future mortality, Calcutate the
future incidence of lung cancer as z function of
future age, future elapsed time from firs: expo-
sure, and the future size of the population at risi..

b Compare projected and observed iung cancer

figures.

4. Estimate current and future asbestosis prevaience.
&. Asbestosis prevalence using mesothehoma mor-

tality in asbestotics.

+ Mcsothelioma incidence as in {1a}.

ii Proportion of mesothelioma with asbestosis.

iii. Estimate frequency of occurrence of mesotheli-
oma in asbetotics.

iv. infer prevalence of asbestatics.

v. Age the 1980-1984 prevalence group using
actuarial techniques.

. Estimate current and future asbestos:s prevaiencs

based on the equivalence of mesomel.oma and

asbestosis mortality.

i. Derive expected number of asbestosss deaths
from projected mesothelioma deaths.

ii. Compare asbestosis deaths to death rates in
asbestotics 10 derive an estimate of the num-
ber of asbestotics.

iii. Age the current prevalence pool as in (42!,

. “Quick and dirty”’ projections

i. U.K.JU.S. equivalence.
ii. Relative mortality data.
iii. Extrapolation from x-ray surveys

. Derive a general methodology for predict.ng law-

suils given propensity to suc and disease pre-
valence

5. Estimate the amount of asbestos-refated disease fikely
{0 vtcur In women,
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Task 12: Determine the number of cases of meso-
thelioma in the United States. 1975-1979.

The Nationat Cancer Institute (NC!H) has sponsored two
major cancer incidence surveillance programs since 1269
The first, covering the period 19A9-1971, coordinated
existing regional tumor registries and supported the estab-
lishment of new registries, permitting a direct assessmeant of
cancer incidence for about 7% of the U.S. population; this
was the third National Cancer Survey {(TNCS). in 1973,
the NCI reconstituted the administrative structure of the
TNCS to provide for an ongoing system of monitoring
cancer inzidence. This new program, nemea the Surveil:
fance, Epidemioiogs and End Results program {(SEER] has
been in operation continuously since then. SEER reporting
repions are Hawaii, Seattic, San Francisco-Oakland, New
Meaneco, New Orleans, Utah, Connecticut, Atlanta, Detroit,
and lowa Collectively these represent about 10% of the
population of the United States. In 1980, the NCI (Con-
nettyv 1980; released 2 detaiied report of trends in meso-
thelioma incidence hased on TNCS (1969-1971) and the
first siv vears of SEER {1973-1978). The annual age-
specific mesotheliomaz incidence for males in SEER is given
in Table 1, which dlso provides an estimate of the total
numpoer of men developing mesothelioma in the United
States in 1977 The age-specific estimated counts were
obianed by multiph ing the SEER incicdence rates times the
Census Bureau's 1977 estimates of the U''S male popuis:
1o o:n the vanious aec categor:es

The tmphied 012 of about 834 new cases of mesothe-
tioma v LS men in 1977 15 probably inaccurate for a
numogr of redsons and should be adiusted accordingly -

1 Comparer of the TNCS {1969-19711 and SEER
(16731978 ages1anasrd.zed male incidence figures shows
an moeratt rine from 0 31 10 0 88 cases per 100.600 men per.
veqr, approaimatels a 10 annual increase from the mid-
point of the TANCS to the midpoirt of the reported SEER
weass (1973 12 To obtain 5 1977 incidence figure, &
furthes 15°, infiation ove: the SEER naidence would be
appropnate (The 10 annual incredse s virtuaily identical

Table 1 ~ Annual Age-Specific Mesothelioma Incidence for Males
ncicent Cases per implied U.S.
fge Group 100,000 Men per Vear Total 1977
p19 [ i}

"0 24 0.02 20
529 007 6.1
3034 §.2¢ 15.2
35 39 g7 10.2
4044 037 20.2
4549 1.05 5889
50 54 1.49 808
£5.59 209 1101
6064 37 476
65689 384 1436
70 74 512 7485
7579 634 1007
2538
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tc the rate of increasc in mesothelioma incidence pre-
dicted by the incidence models consiructed for task 2. Tnat
model predicts annual increases of 11.2% in 1970, declining
steadily to 8.4% in 1975.)

2. Since the SEER regions contain proportionately more
shipbuilding areas than the United States as a whole, the J1
incidence rates are overstated to_the extent that mesotheli-
oma occurs more commonly in shipbuilding areas. SLER
data suggest that this is indeed the case. The age-standard:
ized white male rates for Seattle and San Francisco are 1.42
and 1.6 cases per 100,000 men annually, whilc those fo:
U1ah and icwa are 0.82 and 0.54 cases per 100,000 per
year. A reasonable estimate as to the overstatement of
mescthelioma due 10 nonrepresentative sampling of the
United States in SEER overall would be 105%-15%, with 2
best guess of about 12%.

3. Finally, the diagnosis of mesothelioma is by no means
easy or clear-cut. Selikoff et al. {1980} mainiain that a re-
view of all medical evidence in the deaths of U.S. insuiation
workers from 1967 through 1976 indicates that of 175
mesothelioma deaths only 104 (59%) had mesothehoma
recorded on the death certificate. This startling figure mas

be due in part 1o the sensitivity of Selikoff and cotleagues -

to the possibility that.a difficult-to-diagnose tumaor mav be .~

[mesotheligma.l‘High prior expectation would render diag-

nosis of mesothelioma more common than it would other-
wise be, even in the most competent hands. Nonetheless, it
seems likely that any general surveillance scheme wil! tend
1o produce underreporting of rare tumors, especialiv thuse
with ambigous pathology. SEER diagnostic coding 15
generally felt 10 be of much higher guality than deatn
certificate information, but the SEER data are regrona! a- 2
they necessarily derive in part from smaller hospitals with
less sophistication in diagnosis than is available in cancer
referral centers. A reasonabic esumate would be thu:
reporting in SEER is about 10°: beiow the reporting th.:
would result if all cascs were seen in cancer referral centers
and that the diagnosis rates in referral centers are pornany
20°: below the figures that would be reported by a diagnus-
tic group with 2 high prior eapectation of mesothciuons
For the purposes of this report, we wilf regard “mes.th. -
noma’ 25 thet entity which would vrdinarily be diagnosanie
as such in a cancer referral contes

Combiming adiustments for uime trends nonrepresenia-
tivencss and underdiagnosis 1in the SEER data one arrives
al 4 best guess oor the number of mesothelioma cdses ~
occurning in the U5 men in 1977 not of 834, but of
{833.9} {1.15)/(1.12)/{0.90) = 974 céses. The approvimaie
number occurring in the 1975.1979 guinquennium would
be 4,870

Task 1b: Caiculate the fraction of mesotheiioma
cases which have a documented history
of asbestos exposure, and estimate what
fraction of the exposed are likely 1o have
been heavily exposed.

hot alt mesothelioma occurs in men with 2 documen:
table asbeston exposute history  Assuming essenlialiy nu
asbestos exposure in low incidence SEER regions and
awuming that the entire difterence 1n mesothelioma ings
denee 1y attributdble 10 asbestos, the differences between
the highest and lowest mesothehioma incidence would
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suggest that 38% of mesothelioma in the high risk areas
might be “background” incidence. {The annual incidence
per 100,000 white males ranges from 0.54 in jowa to 1.42
in Seattle; 0.54/1.42 = 38%.) In low incidence areas, the
fraction of disease attributable to background would be
even higher. inquiries undertaken among mesothelioma
patients have yielded estimates of the percent with an
asbestos exposure history running from 16% to 76%, de-

-""L’vpending principally on whether cases come from areas with

heavy asbestos-using industries. Table 2 summarizes the
data from a number of sources.

While much of the variation in Table 2 must result from
real differences in the asbestos exposure histories of meso-
thelioma patients from diffzrent regions, there may aiso be
a substantial variation depending on the group interpreling
the exposure history. Table 3 (from McDonald and McDon-
ald, 1980} iliustrates this phenomenon. Three hundred
forty-four male cases of mesothelioma were paired with
cases matched for age, s2x, hospital and yeir ¢f death. The
comparison cases had died with Jung metastazes from a
nonpulmonary malignant tumor. job histories were ob-
tained from interview of relatives, coded and submitted to
four asbestos research centers for interpretation. While
there was general agreement on the proportion with “defi-
aite” and “unlikely™ exposure to asbesios, there was much
fess concordance in the interpretation of ambiguous ex-
posure histories. One center, the Environmental Sciences

?\‘\4 Laboraton of the Mouni Sinai School of Medicine, was

very much more likely than the others to interpret am-
biguous histories as “probable” asbestos exposure.

The consensus U.S. figures {from centers 2, 3 and 4) in
Table 3, when averaged, yieid an overall figure for the
proportion of male mesothelioma cases with a definite or
probable history of asbestos exposure of 54%. This number
is in the middie of the range of Table 2, and will be used a3
a best estimate. The proportion” with definite exposure
appears to be about 20%, averaging the figures from ail fou-
centers in Table 3,

A separate line of observation and inference indicates
that the proportion of mesothelioma cases attributable to
relatively heavy occupational exposure to asbestos is con-

siderably iess than the $4% with a definitc or probable Th-

asbestos exposure history. This is based on the observation
of the relative frequernicies of invoivement of the two major
sites of appearance of mesothelioma, the pleura and the
peritoneum. As indicated in Table 4, in heavily exposed
industrial cohorts, the peritoneum probably accounts for
about haif of all cases. The most important exception to
this pattern arose in 2 group with what {for an industrial
cohort) is an atypical exposure pattern: 75% of the observa-
tion time in the group of Australian crocidolite miners
reported-on by Hobbs et al (1980} was in men with a totu]
duration of exposure of less than 12 months. There were
no peritoneal tumors documented among these men. In
groups less heavily exposed, the peritoneum is less fre-
quentiy involved, as indicated in Table 5. The least exposed

Table 2 — Proportian of Mesothelioma Cases With Asbestas Exposure Histery

Propartion of Cases
With
Reference Region, Subjects Seurce of Data Asbestos Exposure (%)
£ o, Los Angeies 1974-1978; Case or ciose relative §3/101 (68)
1981 males interview £9/91° (76)
Vianna et al, New York State exciuding Death certificate, 67/193 (35)
1381 New York City; males, occupational record
1973-1978
Yianna et al, New York State high Patient or first-degree 24/31 (77)
1981 incidence countees reistive interview 17/317 (85)
1968-1878
Tagnon et al, Coastal Virginia 1922.1978; Patient or next of kin 43/5%6 (17)
1980 white maies interview
#McDonaid et al, Ait Canads (emphasis on Relatives and friends 11/692 (16)
1973 Dusbec) 1968-1870 interview 31/69 % (45)
Newhouse and Patients dying at The . Burviving reiatives, 40776 (83}
Thompsan, Londan Hospital . medical records 31/76° (41)
1965 1954 and earhier

®  Excludes those for whom interviewee was unsurs of work history
E xciudes indirect axposure (8.g., tsmily member of an exposed person)

! “Definite” or “probabie’” exposures
¢ Inciudes “possible” exposure as well

412

Asbestos-Related Disease/Walker et al

006214



groups are the general population series of incident meso-
thelioma cases, and those cases determined by direct in-
guiry 1o have had no identifiable asbestos expoture. in

these groups, the proportion with peritoneal disease is on
the order of 105 {sce Table 6).

From Tabies 4-6, it appears that substantial occupational
exposure resuits in mesotheliomas which are at least 503
peritoneal, and that moderate exposure may result in
about 20% peritoneal mesotheliomas. If this is true, then
only 2 small fraction of the total contemporary 4J.S.

Table 3- Distribution (X) of 185 Canadian and 159 U S. Male Case-Centrel Pairs Accarding to the Probability of
Oscupational Asbestos Exposure as Classified in Four Conters® .
Asbestoy Expesure
Definite Probahle Pouible UMI‘I(QN
Genter' Cases Controls Cases Controls Casen Centroks Cases Controls

Canada (196072

1 {18 1.1 43.8 314 43 2.7 400 §4.9

7 118 1.1 205 146 21 15.7 46.5 68.5

3 13,5 2.7 29.7 211 189 205 318 557

4 11.8 1.1 22.1 13.0 227 218 42.7 58.4
United States (1872)

1 18.2 38 §1.6 35.2 38 1.9 264 §9.1

2 18.9 38 314 18.7 208 18.6 289 588

3 245 6.3 34.0 185 16.4 19.5 5.1 541

4 8.9 3.8 333 15.1 226 270 252 541

* From McDonald and McDonaid (1980}
Centers. 1 indicates Environmental Sciences Laboratory, Mount Simai School of Medicine, New York; 2, Gesondsheitsorganisatie

TNO. den Haag. the Netherlands; 3, Department of Epidemioiogy & Health, McGill Univarsity, Montreal; 4, TUG Centenary insts-
wte cf Occupational Heaith, London Schaof of Hygiene and Tropical Medicine, London

Table & - Relative Frequencies of Peritoneal and Pleural Mesothelioma in Heavily Asbestos-Exposed Groups

Reference

Sovece Population

Peritoneat/Pleural/Mixed P-P/Other

Sehikoft, 1980

Newhouse 1921

Newhouse 198°

Finkeistern, 1951

#rDonald and
McDonaid. 1980

fHobbs et at, 1980

Eimes and Simpson,

1976

MNorth Amercan wnsuiation
workers 1/67 - 12/76

English factory workers > 2
yrs exposure

English femate texule
workers

Canadian workers receving
asbestos disability benefits

insulation workers, ssbestos
production and manufacture
Ynited States and Canada
1960 1872

Miners and millers of crocidolite
W Australis 1943-1966

iesothelioma in Umited
Kingdom 1/60-12/69
classefed from medica!
records as “heawly
#xposed 10 asbestos”

112 63
16 10
8 12

4 §
23 28
¢ a8
20 64

% Peritoneal
or Mixed P-P
i} 0 84
0 0 62
] i} 40
0 0 44
0 0 44
0 0 0
6 0 28

Journal of Occupational Medicine/Vol. 25, No. 5/May 1983
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Table 5 - Relative Frequencies af Poritonesl and Ploural Mesothelioma in Less Heavly Ashestes-Exposed Groups

#McDonad, 1980 ¢onstryction {exciuding

insulation workers}, United

.

States and Canada 1960-1975

% Peritoneal
Reference Source Pepulation Poritoneal/Plevral/Mixed P-P/Othiee of Mixed P9
Eimes and Exposed, but not heavily 10 181 13 ] 13
Simpson, .
1876
Chowil et !, **Compensabie’” mesothelioma 8 23 1] 1] 28
1881 in Ontario, including expo-
sure which was “relatively
fight, or short duration, in
the distant past, or all of these”
McDonald and Heating trades, shipyards, 19 117 i} i} 16

mesotheiioma ncaidence {93e-13% peritoneal) can be attrib-
utabie 10 heavv occupational exposure: at most about 25%
of U.S. cases (the 13% peritoneal and an equal number of
pleurals} can be attributable to heavy exposure. In fact,
the true proportion of heavily exposed mesothelioma
cases must be less than 263:, since peritoneal tumors do
anse in persons with little or no known asbestos exposure
tsec Table 6,. The 20°: with “'definite” exposure in Table
3 mav provde a more realistic upper limit to the heavily
exposed proportion of persons who develop mesotheli-
o

Tash 1c: Estimate the timing of exposure in US.
cases.

Asegations n |-M mesothelroma case data provide in-

formetiun on the bming of asbestos exposure in those

persons who develup mesothelioma. There are 278 |-M
mesothelioma cases who give an analyzabie asbesios expo-
sure history: a plausible age at first exposure {between 15
and 54 years of age) and a year of first exposure between
1930 and 1954. {See task 1f for an explanation oi the
1954 cutoff.) By five-year age groups we have identified
the alleged year of first exposure to asbestos. Applying the
percent alleging Tirst exposure at various years in §-M data
1o the age-specific estimates of asbestos-exposed meso-
thelioma incidence obtained (after adjustments) from
SEER, one can-estimate how many cases of mesotheliomz
occurred among U.S. workers who were first exposed 1o
asbestos at any given age and any given vear in the pas:.
This procedure is carried out separately for the 205; of U.S.
cases of mesothelioma with presumed heavy exposure, anc
for the 345 with presumed idenufiable light exposure, on

Table 6 - Relative Frequencies of Peritoneal and Pleural Mesothelioms in General Populstions and
tn Cases With No [deatifiable Ashestos Exposure

United States and Canadian
cases 1962.1975

#McDonald, 1980

% Peritoneal
Reference Source Popuistion Peritoneat/PleuralMixed P-P/Other ar Mixed P-P
Connelly, 1980 SEER 1973-1978 males 43 369 1] [+ g
Brestow, 19822 TNCS 1863-1971 males ] 83 0 0 10
Brasiow, 19822 i) S. patients entering com- I 24 @ 0 13
prehensive cancer centers
1978-1980
Eimes and Simpson, No known exposure ? 52 4 ] 11
1876
Barisetal 1978 Turkh villagers in a 1 20 0 0 [
hyperendsmic srea
McDonald and No occupational axposure, 37 118 0 i} 24
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the assumption that the relative frequencies of heavy and
light exposures did not change greatly until the introduc.
tion of dust controls in the workplace in the 19605 and
1970s. Quaiitative review of the J-M case data indicates
that most current §-M cases are derived from the smailer,
heavily exposed portion of the workforce (insulation work-
ers, asbestos factory workers, etc.}).

Task 1d: Calculate the number of workers now
alive and exposed at different times in
the past which wouid be required to
account for the current observed meso-
thel’oma incidence.

How many exposed workers are there? This question can
be answered bh combining the estimated counts of meso-
thelioma cases having each exposure history with data on
the incidence of mesc thelioma in exposed workers,

Peio {Peto et al. 1982) analyzed Selikoff et al's (1980}
data on the incaidence of mesothelioma in insulation work-
ery and found that mcidence could be very closely described
by the equation

£2857 01078, 03:20, Py,

where / is the number of cases of mesothelioma occurring
per veas. 7 13 the elapsed lime in years since first exposure
10 asbestos and Py is the size of the population of workers
with firs: eaposure t years previousty. This incidence curve
is graphed as a sohd hine on the Figure for a hypothetical
popuiation of 100.000 peopiv.

Lle o

ny

:

Annual lacidence of Mesotheliama per 100,000 Warkers

iy ‘
C £ & 15 20 2% 30 3% 40 4
Years Eiopsed Since First Exposure fo Asdestos

L b A L 1

Solid line represents Peto incidence cwrve (Pete ot of, 1882);
dotted lme, Bresiow incidence curve (Bresiow, 3982). Incidence
retes reported by Peto of of (1982) for five studies (see Table 7):
apen circle i Salikoft ¢t ol (1979); open triangle, Newhouse snd
Berry (1978). open sguare, Peio [1980). salid cwcle, Hobbs 1 al
{1880), solid square, Saidman et of (1980). Dats frem Pare at i
{1982).
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Having derived the above equation on the basis of
Selikoff's data, Peto et al (1982) examined its generaliza-
bility by fitting similar equations, with.the same exponent
{3.2), to data obtained in a variety of settings. Tabic ¥
provides, for five studies, the Pelo estimate of the ieading
constant term in the above equation, the number of meso-
theliomas observed and predicted at five-year intervals from
first exposure, and the total number of cases observed.
Observed incidence rates from the five studies are plotied
on the Figure, along with Peto’s curve {with the constant
term calculated from Selikoff's data). All show a sharp
increase beginning 15 vears from first exposure and con- %
tinuing — so far as the data tell ~ indefinitely tl.creafter.

Although Peto’s equation has the theoretically attractive
property that its mathematical form is derivable from cur-
rent theories of carcinogenesis, it is not the only possible
mathematical description of the U.S. insulation warker
mesothelioma incidence. Bresiow (1982a) has used the
same data to estimate the components of a second formuia
which incorporates an estimated fatent period as well as
the exponential and constant terms used in Peto’s formula.
The form of this equation was proposed originally by New-
house and Berry. {1976), and in a statistical sense it fits the
observations more -closely than does the Peto equation.
Using the symbals as above, that incidence equation 1s:

§=137x10°%x{1-15)3-848 . p,

The beiter fit of this equation to Selikoff's data dernes
principally from the fact that it predicts no cases 10 occur
in the first 15 years following first exposure; Peto’s equa-
tion predicts a small number of cases. in fact, in Selikoff's
data none were observed 1o occur. Sreslow’s funclion is
plotied as a dashed curve on the Figure. The two equation:
give very similar estimates. Throughout the ensuing anais -
sis, Pe1o’s equation has been used because it appears to pro-
vide estimates more consisten® with the full range of repor:-
ed values (as opposed 10 Selihoff’s data alone). Nonetheiess, 7
projections carried out using the Peto equation have ail
been verificd using the Bresiow equation.

As suggested in tash 1a, Selihoff’s figures might lead 10
estimates of more mesothchioma occurrence than would . -
be deotectable by compeient cancer specialists under ordi- <. _
nary circumstances. We have provisionally adopied a
correction factor of 0.8 ir Peto's and Bresiow 's equations
relating mesothelioma incidence 10 asbesios eaposure.
This has the effect of expanding the size of the exposed
population requircd to account for currenthy observed
mesothelioma cases.

Given the number of cases which have occurred and
knowing their alieged clapsed interval since first exposure,
onc can solve the equations above for P,. We carried oul
this procedure for all five-ycar catcgories of age at diagnosis
of mesothelioma 1n 1975.1979, and for all elapsed times
since first exposurc. giving a matrix of £,'s which corre-
sponds 10 the distribution of asbestos worhkers alive in
1975-1979, who gave risc to mesotheitoma, cross-labulated
by age and year of first eaposurc to asbestos

The size of the exposcd population calculated in this
siep is an artifiual figure corresponding to “insulation
worker equivalents © That s, the number is the number of
ashestos workers as heavily exposed as the insulation
workers studicd by Selikoff who would be reguired to
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Table 7 - umbers of Plewral (PL) aoad Paritaacal {Py) Messthaliomes, Both Combined (M), and Ban-Yeacs (MY) of Olseruation in Vatiews Staduar.
Eapected Rumbes (Exp) Are Obtiosd by Ficting Beath Rate=g {Time Since Firt Exposure), 3 ¥ Whore & b Conntam®
Yeves Sinc First Expomore
Sredy j 2 1%- 28- 25- - 8- 48- 8%- (1] Tewt
Salikoff ot of (1979} North L4} 2 ] 5 20 § 12 ¢ 85
Amencan insulation ] ] 1" 2 26 1 . 8 ? 115
workars (mixed exposure. ;] 3 2 87 48 & » - § 180
bed 37 2 10°9) Exp §-58 2259 8 a8 - 2388 21y 180 00
My 2939 12818 14,713 8,756 4,391 2328 §72 a8 812
Newhouse and Beery (1876). #i 1 3 7 5 7 23
factory workers (mixed o] 2 3 § & H] n
exposure, b=&-95 2 1078} N 1 6 18 1 12 &
Exp 259 32 103 e 1281 50
'3 4 18,167 3438 $.862 €423 am 23,862
feto (1880} chrysouiie B ] 0 i 2 2 3 [i} 7
textile factory P [} B ] [/ [} 8 ] ¢
(82284 2 10°§) ] (1] 0 1 2 3 4 0 ?
Exp 016 §-52 §-10 17 168 32 44 0
My 1.833 1.860 1.761 1498 837 414 92 8,093
Hobbs et 2 {1980 P t 12 13 b
Australian crocidohte B 8 2 0 [
mners (b5 15 v 1074 N 1 12 13 %
Exp 483 632 1352 2800
Wy nan 17,012 12,028 86.212
Sedmar et ! {18790 U S P [/ [} 1 3 3 [} 7
amosite factory ™ ] 0 1 2 4 8 ?
{04912 10°¢, K [+ 4 P4 5 7 g 14
Exp 058 148 213 491 4-68 652 1400
"y 3628 m 2,618 2.026 1,383 i 12827

From Peto et af {1982,
* 30 or more years, 32 5 asumed . cattyufating expected number
t 20 or more years, 77 5 assumed in caitulating < xpected number

evplain the current mesothchoma experience. As outlined

= task 109t is likely that onhy some 37% of exposed meso-.

thehoma case, {20°. of the 34%:) actually arise in persons
w.h heavy exposure. The ren.aining cases derive from larger
populabions with less intense cxposure. For the purposes of
mesntheltoma incidence projcctions, there is no need to
dutinguish between the two situations. A population of
100,000 workers at onc exnosure level can be expected to
give rise 1o the same number of cases a5 a population of
200,000 at half the exposure. Therefore the “‘worker-
equivalent” has an interpretation which is independent of
the actual distribution of intensities of exposure. For lung
cancer, the distinction does make a difference: the larger
population will have a farger “background’” number of lung
cancers to which the asbestos-attributable cancers must be
+ added In either case, the impression of J-M’s legal staff at
present is that most lawsuits are coming from heavily
exposed plaintiffs, ndicating that the distinction may be
relesant for a person's propensily to sue.

Task 1e: Using actuarial techniques, calculate the
size of the originally exposed worker
population which would yield the es-
timated numbers of currently living,
previously exposed workers.

Every group of workers now alive with first exposure at
some Lime 1n the past corresponds 1o an originally exposcd
population, som¢ members of which have died with the
passage of time We have uscd white maic actuariai survival
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tables covering the years 1930-1979 to cal ulate the o7
ginally exposed population as follows: call the popuiatior
alive in year y, of age g, with time ¢ since first exposure,
Pg.:, Call the same population ¢ years previoush (whe~
they were a-f years old), Py_; 0., -;. If the actuarial prob.-
bility for survival from age a-7 to age g, starting in vear § -7,
is Sa-t'a.’ - then.

Poer,0n -1 = Pu1s Sy-tun -,

where Py.; 0., -1 18 the numbcr of workers entering the
asbestos-exposed work force in vear y-7 at age g~ who
would be required 1o produce in year v a surviving exposed
population of size P, ,, . If that surviving exposed poputa-
tion has already been derived (tash 1d) as the one large
enough to produce the estirmaled number of new exposed
cases of mesothelioma of age ¢ who report having been first
exposed o asbestos ¢ years previously, then Py, 0., -1 15
the sizc of the new workforce ! years earlier which would
be required to account for the current mesothelioma
experience.

A modification of the actuarial survival figures was
necessany - before carrying out the above calculations As
noted in task 1b, some 20/54237% of the insulation-worker
-equivalents estimated herc derived from heavily exposed
individuals  Sclikoff has noted that insulation worhers
have a 37% highcr overall mortality rate than the gencra!
population. As a rcsult, 3 group consisting of 37% heavils
exposed workers has approximately a {37%)(37%) = 14°.
higher mortality rate than the general popufation This

Asbestos-Related Dissase/Walker et al
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correction factor has been introduced into all cafculations
of the survival of nondiseased, asbestos-exposed groups of
insulation-worker equivaients,

Task 1f: For exposure in the more recent past
which would give rise to no current
disease, estimate the quantity of expo-
sure, since this could still give rise to
future disease.

The procedures of tash 1d and le begin breaking down
when first exposures iess than 20 years prior to the 1975.
1979 period are considered. Few cases of mesothelioma
would have as yet arisen from this period, because of the
delaved rise in the mesothelioma incidence cuive; thus
i1 15 impossible to work bachwards 1o the exposed popula-
von with any rehabilitv. Instead, we have used the re-
ported distribution of age at firsi entry into an asbestos-
reiated indusiry from a survey of men aged 40 and above
conducted for JM by the firm of Eirick and Lavidge. Al
though that survey does not allow us to calculate the
absalute number of heavily exposed asbestos workers
entering the workforce each year, it does allow us to calcu-
late the relative number entering. Altogether the Elrick and
Lavidge survey identified 214 individuals who had worked
in an asbestos-using industry, of whom 79 were aware of
actual eaposure 1o asbestos dust. The results of the survey
were as shown in Table 8, from which it is apparent that
the distribution of years of entry into asbestos-using in-
dustries is essentially identical for men who did recall and
those who did not recalt dircct asbestos exposure, We have
based our adiustments on the larger, statistically more
stabie numbers of all enirants into asbestos-using industrics.

The workforce way caicufated directiy from the meso-
theilwma incidence data through 1954, From 1955 on we
assigned numbers proportional 1o the number of men in the
Eirich and Lavidge survey reporting eatry into the work.
force sn each quinguenniurn. Adding the post-1955 workers
generally resulted 1in a small increase in the predicted num.
bers of mesothehiomas for 1975.1979 Both pre- and
post- 1955 figures were then iteratively adjusteZ until: (1)
the pre-1955 figures mantained the year of first exposure

distribution implied by the §-M cases, (2)'the posi-1955
figures stood in the proportion 1o the pre-1955 thar was
dictated by the survey, and (3) the 1975-1979 mesotheli-
oma predictions derived from the resulting distribution of
exposed workers equaied the number actually thought 1o
have occurred.

From 1965 on, it is probable that exposed workers
faced diminishing amounts of ambient asbestos fiber, We
have accounted for this by recalculating the overall work-
force size {as abovej but with smalier fractions of the
exposed workforce assigned to the post-1955 period {In
effect this amounts to modeling the heaith effects of an
unchanged number of workers exposed 1o less and less
asbestos by assuming smaller and smaller numbers of work-
ers exposed to essentially the same amount of asbesios.)
Workforce discounts used to compensat. for recent im-
provements in ~the workplice were: 1950-196%, 10%;
1965-1969, 50%; 1970-1974;, 7§%: 1975.1979, 100:.

Table 9 gives the number of insulation-worker equiva.
lents entering the workforce for each guinguennium
1930-1974, &5 estimated from J-M data directly through
1954, and with adjustment: of the post-1955 figures to
match the survey data in their calendar vear distribution.
Of particular interest is the general conformity of the
worker distribution for earlier years (as inferred from
j-M daiaj to that acwally observed in the Elrich and
f.avidge survey.

Table 9 also gives the number of insuiation-worker
equivaients entering the workforce in each quinguennium
from 1930 to 1979, according to intensity of exposure
For the heavily exposed group, one equivalent can be
taken to equal {more or less) one worker. For the less
heavily exposed group, there may be as many as five or 10
actual workers making up each insulation-worker equivaient.

Task 2a: Adjust exposed population and calculate
future incidence of mesothelioma.

For every five-year period in the future, we calculated
the number of mesothelioma cases that would be expected
to arisc out of each group of workers we estimated 10 have
entered the workforce a1 each age-of-entry in each calendar-

Table 8 - Veer of Entry inte the Asbestos-Exposed Workforce
Workers Whe Recailed All Workers-in
Ashestes Exposure Asbestos-using Industries
Year ffember % Cumulative % Kumbar % Cumuiative %
Before 1930 5 6.3 §3 113 15 25
1930 1934 $ 1.3 76 8 42 11.7
1835.1939 & 16 15.2 19 89 206
1940 1944 1?7 215 36.7 45 210 418
“545 1949 14 17.7 544 29 136 £5.1
S 1954 5 5.3 §0.8 19 89 §4.0
$845 19585 10 12.7 134 29 13.6 7186
1350 1964 § 11.4 B4 21 5.8 B7.4
$965 1869 7 89 937 14 |33 838
1970 3974 1 1.3 8349 & 23 86.3
b RO 31 4 5.1 100.0 8 K 100.0
Journat of Dccupational Medicine/Val. 25, No. 5/May 1983 417
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Table § — The Bissemination of Ashestas Expocurs
Insuistion-Worker Equivaleats Entering the U8, Laber Foccy
Heavily Lightly
Exponed® Expennd’ Total?
1830-1834 2,700 3,700 $,800
1835-1938 13.800 18,100 31,900
1840-1944 55,900 74,900 $30,800
19451949 35,400 43,900 85,300
18501954 38,100 59400 $17,500
1955-1959 34,900 48,300 $4,200
1960-1964 22,700 32,100 54,800
1965-1968 8,500 $2,200 20,800
1920.1974 1.400 2,100 3,500

® {n the heavily exposed, each insulation-worker squivalent
corresponds roughly to 8 single worker

T Many lightly exposed individuals are required to make up
8 single insulation-worker equivaient llisted in the table)

% The tolel number of insulation-worker equivsients, not
the total of exposed workers

auinquennium in the past. Using the notation of previous
sections, call ¢ the age in 1975-1979, and ¢ the number of
years elapsed since first exposure in year y. Call p the
number of years into the future for which a projection is
being made. Then the age at first exposure is (o-f}; age in
the projected future year is {o+p), and elapsed time from
first exposure in the future is {t+p). The components of the
projection equation (Petoet al, 1982} are:

fgep.1+p ~ The number of new cases of mesothelioma g
years from 1975-1979 among persons then aged (a+p} with
time elapsed since first exposure (1+p}.

Poo1,0.y — The number of persons entering the asbestos
warkfarce ¢ years prior to 1975-1979, at age {o-7), in year y.

Se-1.04p,y — Actuarial survival from age (o) in year y
10 age (a*p). taking into account recorded actuarial survival
for calendar years pr r to 1979, and assuming age-specific
mortalities after 1979 to be unchanged from their late
19705 values.

K —~ A constant term derived from Selikoff's observation
of insulation workers (Peto et al, 1981), 4.38 x 10-® for
one-year incidence, 2.19 x 10-7 for five-year incidence,
multiphied by a correction facior (0.8) for higher diagnosis
rates in Selihoff's data.

The projection equation is:

Tg+p,19p * Pout,0,y * Se-t,e0p,y X K x (1p)32,

The estimated populations of exposed workers presented
at the end of task 1 in Table 9 yield projections of meso-
thelioma incidence shown in the first column of Table 10
for the years 1980.2009.

Use of Breslow's projection equation to derive the ex-
posed popuiation and the resuilant mesothelioma incidence
leads to very similar projected counts, as seen in the second
column of Table 10 Redefining K 1o equal 1.37 x 10%,
again muluphed by an 0.8 correction factor, the Breslow
projccting #quation iy’

= 1.846
igeg,1vp = Ca-1,0,y * Sa-1,14p,y * K ® (rep-15) .
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Tabie 18 — Prajected Numbars ! New Mesothelioms Costs
§886-2003 in Moa With Plausibie Ashestos Exposurs
Using Twe Models of Incidence
fio Latency Paricd Latency Pesiod
{Peta} {Bresiow)
1980-1984 3200 - 3.400
1985-1989 3,500 3,900
1990-1884 3.600 4,200
1995-1998 3,400 4,000
2000-2004 2300 3,500
2005-2009 2,100 2,500
Tutal 1980-2009 18,700 21.500

Task 2b: Estimate the sensitivity of mesothelioma
projections to the assumptions invoived.
Assumptions underlying the mesothelioma analysis fali
into two categories, depending on whether they are re-
flected in the finai mesothelioma projections in 2 linear or
nonlinear fashion. The linear factors affect the height of
the projected curve, whereas the nonlinear factors affect its
shape.

The linear factors are those of task 1a {corrections of
trend in incidence, nonrepresentativeness of the SEER
popuiations, general underdiagnosis of mesothelioma) and
task 1b (fraction of mesothelioma cases exposed 1o asbes-
105). While the net effect of uncertainties in these elements

ay be as much as 30% either way, it is crucial to bear in
mind that the uitimate projections of mesothelioma law-
suits must be tied to the number of suits currently occur-
ring in relation to the number of cases of disease occurring
{"'propensity to sue”) so that these variations in absolute
incidence have no final effect on projections for numbers
of lawsuits.

Nonlinear effects, because they affect the shapc of the
future mesothelioma curve, are highly relevant to projec-
tions of suits. The shape of the curve is relatively robust to
large variations in the nonlinear parameters. Assuming that
the reported years of first exposure 1o asbestos in the |-M
viles were off by five years in either direction gives very
distorted year of entry distributions {with peak employ-
ment coming before or after the war} and only shifts the
incidence peak forward or backward five years, but does
not change its broad, relatively flat character Changing the
age distribution of current mesothelioms » {in the
SEER data) by assigning 30% more cases 10 and er
or to the under 50-year-old age groups show o similar five-
year shifts in the incidence peak. Assuming that the work-
place was entirely cleaned up by 1965 slightly increased
the short-term projections for mesothelioma and decreased
the long-term oncs, since the effect of recent exposures
for: noncxposure} can be expected to be felt only many
years in the future. Assigning all worker-equivalents the
higher mortality of insulation workers leads to slightly
faster decline in the pool of exposed workers, and 3 5%-
10% drop in late {post-year 2000) estimated mesothelioma
incidence. Assuming that mortality of exposed workers is
that of the gencral population leads to a 5% increase in late
ncsothelioma incidence.

Asbestos-Related Disease/Waiker st al




Task 3a: Adijust the size of the exposed population
and calculate future incidence of lung
cancer.

The incidence of lung cancer among asbestos werkers
has been reasonably well documented by Selikoff et al
(1980) and others {Berry 1980, McDonaid et al 1980,
Henderson and Enterline 1979} to be the product of two
serms: the “‘underlying risk” for lung cancer that would
hold in the absence of asbestos exposure, and a multiplica-
tion facior resuiting from exposure. The underlying iung
cancer risk is a sharply rising function of age. From the
1973.1978 NCI report of the SEER program the underlying
rish for white males is as given in Table 11.

The asbestos-multiplier calculated by Selikoff et al varies
not with age, bul with elapsed time since first exposure.
Values for the muitiplier are given in Table 12.

Although the data which Selikoff has assembled on
insulation workers represents the largest, statistically most
rehiabie source of fotiow-up information, there have been a
numbe- of other studies of exposed cohorts. These are
summarized in Tabie 13. Among all occupational groups,
insulators are matched oniy by factory workers for their
feveis of lung cancer rish. Miners and, even more so, ship-
yard workers have much lower rish muitipliers, the jormer
possiblv because ambient fiber concentrations are lower in
mining than in processing jobs, the latter aimost certainly
because the categony “shipyard worker™ includes many
people with minimal exposure.

The mulupliers observed by Selikoff are untikely 10 be

2.
© - purely the resuit of asbestos exposure. To the extent that

the asbestos-cxposed workers studied by Sefikoff differed
in tneir smohing habits from the general population, the
multiphiers include this effect as weil. If part of the purpose
of the proiections was to estimate what fraction of cases in
eaposed workers were actually attributabic to asbestos
_exposure, lack of smoking data from Selikoff's workers
would represent a serious lack. in fact, the purpose of the
projeciion is to decide how many cases of lung cancer occur
in tolo among exposed workers. For this purpose, it is suffi-
cient to assume that the workers observed by Selikoff have
approximateiy the same fraction of smokers as do asbestos
workers in general. This appears 1o be a reasonable assump-

Table 11 - lacidence of Lung Cancer — Underlying Risk

Hew Cases of Lung Concur par

Hge (yrs) §60,000 White Men per Year
2014 8.2
25-28 06
30-34 i8
3539 i4
2044 328
4549 58.3
50.54 106.3
5558 1817
B0 64 2842
65 89 4009
70 74 4815
573 51990

Journal of Occupationa! Medicine/Vol. 25, No. 5/May 1983

Table 12 - Solikatf Asbestos-Multiphior?
Time Sincs First Multiplication
Exposure, yrs Factor
10-14 285
15-19 . 3.40
V- R 348
4529 5.00
30-34 6.08
35.38 568
4044 493
4548 388

® From Selikotf o1 af (1980}

tion, even for future projections. Although there has been a
decrease in adult male smoking in the United States, ihe
trend appears to include biue-collar workers 10 a smaller
extent than others {Surgeon General 1979). ‘

Selikoff's muluipliers above describe the experience of 3™
cohort of workers with lifetime exposure to asbestos, and

may not correctly predict.the future experience of workers, 7~ #

after occupational exposure to asbestos has been curtailed._
Observations. in chrysotiie miners {Berry 1980; McDonald
et al 1980) and asbestos factory workers {Henderson and
Enterline 1979) have lent strong support to the idea that
relative risk for lung cancer {i.e., the muitiplier) may be
nearly linearly related to accumulated asbestos exposure
aver a fairly wide range. Selikoff’s multipliers can be in-
terpreted as reflecting a reasonably steady rise through
working life with a decline beginning around the time of
retirement, that is about the time of cessation of asbesios
exposure. We have incorporated this phenomenon into the
grojection equations by constraining the lung cancer
multipliers for. each exposure cohort to decline from their
1975-1979 value at a rate of 105 per quinguennium. i1
should be noted that while this discounting of later multi-
pliers fits the Selikoff data most closely, there is no a priori
reason to expect a decline, and mathematical modeling of
other, smaller bodies of data does not suggest a decline.
While the values used represent our “'best estimate’ for
projections, experts who disagreed would probably choose
somcwhat higher multipliers and consequently wouid pro-
ject somewhat farger numbers of cases.

The projecuon equation has the following components:

{9+p.t+p ~ The number of new cases of lung cancer p
years from 1975.1979 among persons then aged (g+p) years
with time clapsed since first exposure (1),

Py_1.0.y — The number of persons entering the asbesios
workforce ¢ years prior to 1975-1979, in year » at age
{o-1)

Syet0ep,y ~ Actuanal survival from age (o-r) 1o age
fo+p), beginning in year y.

Leep = The underlying risk of lung cancer as deter-
mined from NCI tabies for white maics of age {(0+p).

M, - Lung cancer rish multiplicr for elapsed time since
first exposure through 19751979 {r), reduced by 10% for
each subscyuent quinquennium,

The progecting equation is
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Table 13 — Risk Multipliers for Lung Cancer From Cahert Studies®
{Years Folfowing {Years Following
Source ffinimem Exposurs) ffeximum Exposure)

insulators, .

Selikoff et 3’ (1980) i {<10} §.08 . (30-34}
Factory workers

Hendersen and Enterhine {1979 1.8 t 7.78 t

Mewhouse and Berry (1873} 2.42 i<2)? 5.38 >2s

Peto at 8l {1877 1.25 (1r-14) 1.71 {»20
Cement workers

Huges and Weilt (1980} 0.77 {12-15) 3.33 {30-35)
Snipyard workers (except insulators),

Koione! 1 at (1380) 1.1 {<10} 1.3 {>10)
8, ers

McDonaid et af (1980} 0.80 {<1)? 2.85 {»20)%

Nichoison et af (197§} e ves 419 {40-48)

Hobbs vt 8 {1980} 2.10 0.6} 246 {>15)

® in each study, if severai exposure Ievels were given, the highest is reproduted here

t Time data not given separately from accummulated dust exposure

$ Time figures sre for years of employment

fgep top = Pgor O % Sgt,0¢p % Lavo X Myap.

The projected incidencz is calculated for each worker
group- entering the workforce a2t every age in every past
vear, and the projecled number of cases occurring in every
five-vear neriod are summed.

The projection procedure described above is by -itseif
cortect only for 2 heavily exposed worker cohort {such as
insutation workers or factory workers}. For a less heavily
exposed cohort such as shipyard-workers, the projection
predicts orly the asbestos-attributable disease, plus the
background lung cancers which would be found in a popu-
fation whose size corresponds to the number of insulation
worke: eguivalents. When the insulation-worker equivalent
exposures are spread out over g larger number of persons,
more background disease needs 10 be recognized in oraer 10
proiect the total burden of fung cancer (both spontaneous
and asbestos-attributable) in asbestos-exposed persons.
Tabic 14 presents projections of lung cancer for a worker
population which on the average is about one haif as
intensely exposed to asbestos as insulation workers. Since
our best estimate is that 37% of the “insulation worker-
equivalenls™ are indeed heavily exposed, this impiies that
the remaining 63% of equivalents arise in workers whose
exposure intensity is 2.6 times less than that of an insula-
tion worker

Task 3b: Compare projected and observed lung
cancer figures,

Since no part of the model used to predict lung cancer
inc.dence s bascd on data from lawsuits coming in to
}-M. i1 15 possible to test partially the validity of the pro-
jections by comparic; details of the [-M litigation file
against the model’s projections. Table 15 displays the
distribution of alleged year of first exposure 1o asbestos
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among the 349 |-M cases aged 40-79 who filed suit claiming
lung cancer in the years 1975-1981, and who further gave a
sufficiently detailed exposure history to allow them to be
classified. The percent distributions are further cross-
classified. by the age at which suit was filed. '.: paralle!
are the age-specific distributions of years of first exposure
to asbestos for the 22,248 male fung cancer cases for the
period 1975-1979 predicied by the model developed in
tasks 1 through 3. Lung cancer is less well connected witl:
asbestos expnsure than is mesothelioma, both in the medi-
¢al and in the legal communities, and so there may be
an increased element of serendipity in bringing cases of
discase to litigation. Nonctheless, there appears to be a fair
correlation between the observed and predicted distribution
of years of first exposure, particulariv in the overail fig-
urss. Although the lawsuits tabiuated do not represent the
total number coming in to J:M (most do not have detailed
asbestos exposure datd), their distritutizn over age care-
gories reflects a plausible patiern of litiginosity when

Table 14 — Projected Mumbers of New Lung Cancer Cases
1980-2009 in U.S. Men Plausibly Exposed te Ashestos
Yeour Ha. of New Casas
1980-1984 17,800
1985-1983 13,600
1990-1994 10,200
1995-1999 1.000
2000-2004 §,300
2005-2009 ¢.200
Total 55,100

Asbestos- Related Disease/ Walker et al
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( Tadle 15 - Lung Concar. Pervent Distribution of Yesr of First Expasurs ta Asheostes Preducts Alvged wm Lawmuts !
{1975-198%) ind Predicted by Medel (1975-1879)
Age 8t
Disgnoss Tetsl
ILawsurt 7830 1834  1935-1%)¢ 1940-1844 19451048 1350 1334 1955-19%9 196501964 19651969  1970-18%¢ % Caunmt
4049 54 21 27 1318 g1 351 2 8 ] 81 87, Fal 17734 37
' f 1] i) 1.7 2 282 155 46 87 e 14
50 5¢ . 16 %0 W3 232 180 80 8.7 2.5 [} | 1060 2
[ ] 27 013 185 7 230 1.8 i1 01 106 0 3%
Ty 69 L 47 1558 N 23 101 [X ] 47 14 14 1900 i
'] 39 11.0 351 18.3 15 154 38 [/ 100§ g3
078 t 187 133 143 71 71 kR ] 7 0 100 ¢ &z
3 19 ¢ 560 203 124 2 [} 1 0 1000 §4L3
Tow L 37 120 kA 01 152 29 87 32 11 100 0 325
1 18 ap 403 187 151 106 39 6.5 Do w0 22248

"L tawiu Tt w it ana'y2ab e eaposure Gatd regsiered 3t UM

* W mace prorweziions 0 1o1d° umber 9 lung ancer cases 31ising in asbestos-exposed men in the United Stares

compared 1o the projected distribution of lung cancers. The

highest propens iy 10 suc appears to be in the 40-49 year

age group. with 3 gradual taiting off to age 69, and a pre-

aip:itous drop tnereatier.

Task 4: Estimate current and fuwure asbestosis
prevaience.

Lnuke persors with mesothelioma or fung cancer, per-
50ns wih ashestosis are likely 1o five many years after tie
onset of therr diseass Much or all of that time they may be
unaware thdl their sy mptoms are due 1o asbestosis. From
the poini of view of medical and legal awareness of the

~dist ase, then, the hey event in the progression of a case of

a>hestosts 15 not the daie of onsc:, but rather the date of
ciagnosts For predicting the rates of diagnosis (and hence
suit. the key underiving figure 10 examinc is the prevalence
of rotentially diagnosable cases in the general population.

There are no direct measures of \he prevalence of diag:
nnsable asbestosis in the United States. There are, however,
methods of arriving at educated guesses. One depends on
the oceurrence of mesothelioma in persons with asbestosis;
another depends on an eguivaience between asbestosis
mortality rates and mesothelroma mortaity rates.

Task 4a: Predict asbestosis using mesothelioma
mortality rates in asbestotics.

Elmes and Simpson {1976) have reviewed the clinical,
patholugic and radiographic recurds of 327 cases of meso-
theliomae occurning 1n the United Kingdom b iween 1960
and 1969 They found that 70,247 cases with chest radio-
graphs {2851 had cicdr radiog aphic evidence of concurrent
asbestosis Fhus ligure s not & bivlogical constant,; rather it
probably reficcts the pi-ticuler distribution of intensities
and durdlions of exposure to asbesios which UK, meso-
theltoma cases hdad undergone in the 1960s. if the general
historical pattern of asbestos exposare in the United States
1s simifar to that 1n the United Kingdom, then onc may
estimatc that ahout 28% of the vases of mesothelioma in
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in the United States, about 273 developed mesothelsoma
cach year.

Three studies give rates of occurren:ze of mesothe.om2
ir, persons with asbestosis which are of the sams order of
magnitude. Berry (1981} provides the most exiensive data
25 cases of mesothelioma occurred in 6635 Sngishmen
with asbesiosis certified for the purpose of disabii..,
insurance, followed for 4,165 man-years of icliow-up
between 1932 and 1976. Thu:, he found a rate ¢f one casc
per 166 man.years. A tolal experience aboul thiee fifin,
as large was reported by Edge (1979) who obseivec sever
cases of mesothelioma in 2,637 man-years of cbsenatior .=
429 men who had been identified by chest radiograp:s
showing pleural plaques taken between 1964 ang 1971
in an English shipyard community. His observec rate s
one case per 377 man-years of observation. Leas: niorma-
tive because of its small amount of observation 15 the report
of Finkelstein et al (1981) who studied morizht. amony
172 workers receiving workman's compensator: for as
bestosis in Ontario between 1942 and 1979 followed fo:
733 man-years. There were three death ceruficate records
of mesothelioma {one per 244 man-years! and sin furthes
cases identified by review of other records {total of onc
case per 81 man-years of observation). Totaling the exper:-
ence recorded in the three studies, one oblains reporis of
41 cases in 7,535 man-years of observation, or one case
in 184 man.years of observation. Exclusion of the sia
Finkelstein cases discovered only after record review would
give an overall rate of one case of mesothehoma per 215
man-ycars We have chosen a figure of one pes 200 man.
vears as a summary figure.

As with the 28% ligure for the fraction of mesothelioma
cases with asbestosis, the onc per 200 man-years estimate
for mesot' clioma in asbestosis shouid not be taben to be a
biological constant. [t too probably refiects the distribution
the Lnited States in the fate 1970s, or about 273 cases
annually, had concurrent diagnosable asbestosis. Pul
another way, of all the people with diagnosabic asbestosts
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M moge projezions of to1d umber ot fung cancer cases ariging in asbestos-exposed mea o the United States

compared 1o the projected distribution of lung cancers. The

highest propens'in 1o suc appears to be in the 40-49 year

age group, with a gradual tailing off to age 69, and a pre-

cipitouy drop tnereafier.

Taskh 4; Estimaie current and fu.ure asbestosis
prevaience.

Lnune persors with mesothelioma or lung cancer, per-
s0ny with ashestosis are likel 1o five many years after tie
onset of their disease Much or all of that time they may be
unaware that their ssmpioms are due (o asbestosis. From
the poini of view of medical and legal awareness of the

Y discase, then, the key event in the progression of a case of

asbestusss 18 not the date of onse:, but rather the date of
dragnosts For predicting the rates of diagnosis {and hence
susi- the key underlying figure to examine is the prevalence
of polenually diagnosable cases in the general population.

There are no direct measures of whe prevalence of diag:
nnsable asbestosis in the United States. There are, however,
meihods of arriving at educated guesses. One depends on
the occurrence of mesothelioma in persons with asbestosis;
another depends on an equnialence between asbestosis
moriahity rates and mesothelioma mortality rates.

Task 4a: Predict asbestosis using mesothelioma
mortality rates in asbestotics.

Elmes and Simpson (1976) have reviewed the clinical,
patholugic and radiographic records of 327 cases of meso-
theliomg occurring 1n the United Kingdom b iween 1960
and 1969 They found that 70,247 cases with chest radio-
graphs {28-.} had clcar radiographi. evidence of concurrent
asbestoss This figure 15 not a bivlogizal constant; rather it
prubably reficcts the pirticular distribution of intensities
and durations of exposure to asbestos which UK, meso-
theltume cases had undergone in the 1960s. If the general
histnrical patiern of asbestos exposure in the United States
15 similar 1o that in the Unsted Kingdom, then onc may
eslimaic that ahout 28% of the vases of mesothelioma in
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in the United States, about 273 deveioped mesothelioma
each year.

Three studies give rates of occurren:e of mesothe..oma
ir. persons with asbestosis which are of the sams order af
magnitude. Berry (1981) provides the most extensive data
25 cases of mesothelioma occurred in 665 Engishmes
with asbestosis certified for the purpose of disabil...
insurance, followed for 4,165 man-years cof foliow-up
between 1932 and 1976. Thuy, he found a rate ¢f one casc
per 166 man-years. A total experience abou! thi;ee fiftn,
as large was reportec by Edge {1979) who obse:vec sever
cases of mesathelioma in 2,637 man-years of obsenation .5
429 men who had been identified by chest ragiograp:s
showing pleural plaques taken between 1964 and 1971
in an English shipyard community. His observec rate s
onc case per 377 man-years of observation. Leas: informa-
tive because of its small amount of observatior 1s the report
of Finkelstein et al (1981} who studied moriaiit. among
172 workers receiving workman's compensatiors for a»
bestosis in Ontario between 1942 and 1979 followed fo:
733 man-years. There were three death ceruficate records
of mesothelioma (one per 244 man-years) and sin further
cases identified by review of other records {total of onz
case per 81 man-years of observation). Totaling the exper:.
ence recorded in the three studies, one oblains reports of
41 cases in 7,535 man.years of obscrvation, or one case
in 184 man-years of observation. Exclusion of the six
Finkelstein cases discovered only after record review would
gve an overall rate of one casc of mesothehoma per 215
man-ycars We have chosen a figure of one per 200 man-
years as a summary figure.

Ay with the 28% figure for the fraction of mesathelioma
cascs with asbestosis, the onc per 200 man-years cstimat?
for mesot' chioma in asbestusis shouid not be taken to be a
biological constant. it too probably refiects the distribution
the United States in the late 1970y, or about 273 cases
annually, had concurrent diagnosable asbestosss. Put
anothcr way, of all the peopie with diagnosabie asbestosts
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of intersities and durations of exposure 10 asbestos holding
roughly over the two decades ending in 1975.

If, however, we accept the rate of one case of mesotheli-
oma per 20C asbestotics per year, and combine this with
the expecled number of mesothelioma-asbestosis cases
derived before, 1.e., 273, we arrive a3t an overall estimate of
about 55,000 persons with diagnosable asbestosis in the
United States in the iate 1970s.

Expressed algebraicaily, the line of reasoning above is as
foliows. Let f be the annual incidence of mesothelioma in
asbestotitcs; let A4 be the number of asbestoucs in the
United States; let M be the annual number of new meso-
thelioma cases in the United States; and let P be the
proportion of those with concurrent asbestosis, then
Axl=MxPand A=Mx P/l

Subsutuling known or estimate valiues. A = {974){0.28)/
{1/200); A = 54 544 men with asbestosis.

Al present 1t 15 no! known for how long new cases of
ashestoss witl continue 1o cevelop among currently heaithy
worhers previously exposed to asbestos, assuming that
worhplace contamiation has been essenually eliminated
since 1975, ana greatly reduced prior to that. J-M’s worker
experience tndicates that there has been a precipitous
dechine in new cases of asbestosis over the last decade
{Chasc 1981} This would argue in favor of not projecting
the occurrence of new cases beyond 1983, As a best esti-
mate then, we have based asbestosis prevalence projections
on an assumpuion of continued new occurrence through
the first half of this decade. Starting from the projected
mesothelioma incidence in 1980-1984, we have projected
asbestosis prevalence i1n each age group for 1980-1984
using the projection equation described above.

for projections bevond 1984, we have aged the popula-
tions using modified 1977 white male actuarial survival
figures The modification is based on strong evidence of
vern much hipher mortality rates in men with asbestosis
than n the general population. Berry (1981} reports on 283
deaths in ashestotics with only 108 6 expected; Finkel-
sten et al (1981) repert 66 deaths in asbestotics with only
16 6 expected Together these give an overall mortality for
asbestotsics 2 79 times that which wouid otherwise be
expected Table 16 provides our projections of annual
diagnosable asbestosis prevalence for each quinguennium
through the year 2009

Of particular importance in interpreting Table 16 (and
Table 18 . the following task) is that the prevaience

figures are for clinically diagnosable {not necessarily diag.
nosed) asbestosis which would qualify for workman .
compensation in the United Kingdom or Canada. This 15 |

inescapable, because the only detailed survival figures |

available on men with asbestosis derive from these regis.,
tered and monitored groups. Depending on the critena’
used, very much more "asbestosis” can be diagnosed on the
basis of minimal radiologic changes. Table 17 (Sebikoff
1976) illustrates the protiem. Chest x-rays of 1,117 men
were graded according to the degree of asbestosss, classified
on a four-point scale ranging from O (no discase; 10 3
{severe asbestosis). The readings were crosscl2ssified tn
time since first exposure to asbestosis. it is very unlikel\
that workers with Selikoff's minimal {grade 1) asbestos:s
would qualify for workman's compensation. [f such
workers were to be included in prevalence estimates, how-
ever, the projections of Tables 16 or 18 (task 4b) would
have to be roughly trigled

Task 4b: Estimate asbestosis prevalence using the
equivalence between asbestosis and meso-
thelioma mortality,

A second line of reasoning about asbestosis prevaience
can lead to an independent estimate by which to gauge
the results of the previous task. This is based on the near
perfect identity of the time course and magnitude of
asbestosis mortality .id mesothelioma mortality in Seli-
koff et als {1980} insulation worker data, combined with
independent estimates of mortality in men with asbestos:s.

it is of particular importance that the asbestosis mor.
tality recarded by Selikoff is not simply an estimate of
mortality in men with asbestosis, but rather specifically of

mortality from deaths due 1o asbestosis. Berry (19851

found that $6 of 263 deaths (21.3%) in British men with

asbestosis were actually atiributed to asbestosis. Finkel-
stein et al {1981) found for the more inclusive categon

"non-malignant respiratory disease' 23 of 61 deaths (37.7%;

in Canadian men receiving workmen's compensation for

asbestosis. This figure is consistent with Berry's, which 1s
based on larger numbers and more specific reporting.
independent estimates of mortality rates among asbes-

tosis sufferers place them at about 2.8 times the corres- }*k'

ponding age-specific rates in the general population (see
task 4a). For any given age group, write the mesothelioma
deaths among men eaposed to asbestos as A/,, and the
corresponding count of all deaths in men with asbestosis as

' T
Tabie 16 - Projections of the Number of Prevalent Coses . .
of Asbestosis 1a '; S, Blates 1980.2009_ Projection Based an Table 17 ~ X-Ray Changes in Asbestes insuistion Workers
the incidence of Messthelioma 1a Asbestetics P e
Yoars Since srcent Distribution by
9. of Men Onsst of fsbestos Grade

Yeaany Alive With Asbentesis Expesre fHo. [} $ 2 3
1980 1954 $5.800 40+ 2 58 289 §2.1 23.1
19851989 35400 339 19 129 526 253 83
19901994 19,000 20-29 7 7.2 455 2.1 8.2
1995-1999 §.500 10.19 379 559 411 24 6.0
2000 2004 4,400 69 k713 §86 1A K] 0.0 6.0
2005 2009 1.700

* From Selikoff (1976)
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D,. Then the Selikoff finding of an equality in the numbers
of mesothelioma deaths and asbestosis deaths in insulation
workers, combined with Berry's finding that 21.3% of all
death is due 10 asbestosis, is My = 0.213 x Dy. If the general
death rate for men is G, and the number of asbestotics is
A, then the total number of deaths in asbestotics is U,y =
2.8 x G x A. A4 is the number of interest. Combining the
above equations,
A= M(0.213x 28 x G).

M, iy available for every age and future year from the
mesothelioma projections (task 2) and G is estimable for

each age group from current vital statistics data.
Seiihoff's data apply to insulatior workers exposed to

>}1sb¢stos essentially all therr working lives, and cannot,

therefore, be eapected 1o give a reasonable estimate of
asbestosis mortality for into the future, after the work-
piace has been largely cleared of significant asbestos ex-
posure. (Mesothelioma mortality, by contrast, is affected
aimost eniireiv by age at first heavy exposure, and is not
changed greatly by workplace clean-up, at least as far as
concerns already exposed workers.)(‘fhe prablem is that

7 dincussed al the €nd OF 1ask 4a. new asbestosis probably

stops occurring (with some lag, perhaps 10 years) "after
the ressation of asbestos exposure. Thereafter mesothelio-
ma asbestosis relations abserved previously -(under condi-
tons of extended exposure} became inappiicable to future

\ progecuion S AST tash 4a, we have handled this problem by

esumaling nrevalence based on continued new incidence
through the 1980-1984 quinquennium, and have estimaied
subsequent prevalence by agimg the 1980-1984 population
a5 described in tash 42 Table 18 gives the projected asbes.
103> presalence figures for U.S. males 1980-2009, using this
second projcction procedure.

Task 4¢. Dther methods of projecting asbestosis
prevaience.

There are several “auick and dirty” estimates of asbes-
tosts prevaicnce which give esumates of the same order of
magnitude as onc another.

1. Burry {1981) reports that 133 workers were certified
annually by U.K. pncumoconiosis panels in 19731976 and
that the median survival of tic least disabled certified
warkers was 15 ycars. This gives 2 maximum steady-state
prevalence of 15 x 133 = 2,000 workers in the United
Kingdom with certificd pneumoconiosis (essentially all

Table 18 - Projections of the Mumber of Prevalent Coses
of Asbestosis in US. 88aies 19802009, Projection Based on
the Equivaience of Ashesions and Mesotheliorns Mortality Rates

. of Mon
Years flive With Ashestesis
1980 1584 {4,000
1885-1989 45,300
1990 1994 31.000
1995 1989 18,200
2000 2004 11,400
2005-2008 6.760
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asbestosis). The United States is about four times the size
of the United Kingdom. Historical exposure patierns being
equal, this implies the existence of about 8,000 ashestotic
workers or former workers in the United States. Apart from
the iooscness of the analogy between the United Kingdom
and the United States, this projection suffers from its
dependence on the number of workers actually certified in
the United Kingdom. This is 3 lower limit to the number
actually ill.

2. Burnham (1982) cites an unpublished estimate of the
National Center for Health Statistics (NCHS) that there
were 427,000 (range 248,000 to 606,000) pneumoconiosis
sufferers in the United States in 1980. He also points out
that the Mortality Statistics Branch of the NCHS noted
1,422 deaths ascribed to pneumoconiosis in the United
States, of which 72 were ascribed specifically 10 asbestos.
Applying the death proportionality to the pneumoconio-
sis prevalence gives an estimate of (72/1422)(427,000) =
21,000 asbestotics (range. 12,000 to 30,000). The pneumo-
coniosis prevalence figure, however, was based on only a
questionnaire and is therefore likely to be an underesti-
mate, and the reporting of asbestosis on death certificates
is notoriously fow.

3. The prevalence of x-ray changes in workers listed in’
Table. 17 can be multiplied by our estimates of the size of
the heavily exposed workforce (Table 9), to obtain esti-
mates of asbestosis prevalence ranging from about 8,000 to
120,000 depending on whether radiologic grade 1, 2, or 3
is used as the minimai criterion for a diagnosis of asbestosis.
Atthough the correlation between x-ray changes and
symptomatology is imperfect, the lfow end of this pro-
jection (8,000 grade 3 cases} would certainly represent
symptomatic individuals in every case. The upper end of
the projection {120,000) would include many people with
few or no symptoms, whose asbestosis would be detectabie
by physical or radiologic examination only

Task 4d: Derive a general methodology for predict-
ing lawsuits as a function of asbestosis
prevalence,

Although it is not the purpose of the present work to
derive estimates of a person's propensity to bring suit
given that he has discase, the difierence between asbestosis
and the cancers insofar as diagnosability and survival times
are concemed calls for some comment.

Mcsothelioma and lung cancer come to diagnosi> fairiy
rapidly and reliably, and as a result the propenstty to sue
can be related directly to disease incidence in order to
derive an expected number of lawsuits. Asbestosis is not
diagnoscd nearly as reliably or as quickly, 30 that the path-
way leading from prevalent disease to a lawsuit involves two
probabilistic steps: diagnosis and decision to suc. Men with
asbestosis live for decades, and so may be diagnosed for the
first timec and sue years after the onset of diagnosable
discasc.

Pcrhaps the best way to interpret overall propensity 1o
suc for an asbesiotic man is 10 calculate an annual probe-
bility of suing. The pool of prevaient, asbestotic men who
arc potential litigants can then be thought of as beirg
diminished with the passage of time through two effects
first through their own mortality, and second through their
bringing sutl, thus removing themselves from the pool of
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potential litigants by becoming active litigants. Over years,
then, & constant propensity to suc acts on a diminishing
pool of potential litigants 1o produce 2 declining annual
number of fawsuits. By way of itlustration, Table 19 gives
the eapected number of lawsuits by quinquennium, 3ssum-
ing asbestosis prevalence pools as fisted in Tables 16 and 18,
with cases appearing (and being removed from the pools of
potential litigants} at a rate corresponding to suits from %%
of all potential liugants appearing each year.

The 9 figure was chosen for Table 19 so as to yield
current fawsuit rates for the present quinquennium. Bear in
mind that the rapid decline of lawsuits in Table 19 is the
product of two factors, which hold true only for workers
with symptomatic asbestosis The first is the high mortality
rate in these men, discussed in task 4a; the second is the
finite {though large} size of the pool of potential litigants.
From Table 17 it should be apparent that the number of
workers with minimal disease {grade 1) is very much larger
than the number of genuinely ill workers. 1f in fact a large
number of lawsuits derive from the relatively well, exposed
population, neither of the conditions on which Table 19
is predicted would hold: mortal'ty in the minimaily dis-
eased 15 not much elevated, and the number of minimally
disease J persons is so large that current litigation rates will
not resuit in any meaningful depletion of the pool of
polental litigants. Limited J-M data suggest that in fact
lawsuits from asbestotics do not decline as rapidly after last
exposure as one would anticipate from Table 19, In effect
Tabic 19 represents minimal projection. If only 2 fraction
of current cases are coming from symptomatic cases, then
the syvmptomalic pool is being depleted more slowly than
projecied in Table 19. Symptomatic cases will come in over
a larger period, and the remaining, minimally diseased cases
will continue to flow in at a rate {determined by sociolegal
factors' which is unlikely to be bounded by purely medical
or er o.miological factors such as population mortality
rates or depletion of a pool of injured workers. Taking all
of these factors into consideration, & reasonable central
proiection of the number of lawsuits stemming from all
diseases seen from 1982 on 15 likely to be about 45,000,
with a reascnably firm lower bound of 30,000 and a very
indefinite upper bound on the order of 120,000

Task §: Estimate the amount of asbestos-related
disease occurring in women.

Approximately 5% of the lawsuits being filed with j-M
derive {rom women This number is consistent with an
estimate from a vaniely of sources of about 10% of the
asbestosexposed Worid War |l workforce being female,
with a diminished fraction after the war. Exposed female
workers still alive can be expected to have an age-at-first
exposure distribution which is even more concentrated in
the war years than that of men. The consequence of this .5
that asbestos-reiated disease will have reached its peak in
women earher than in men, and is probably past that point
already The number of female cases in j-M 15 100 smali 1o
make to a direct test of this hypothesis. Prabably the most
reasonab ¢ proection of femaie cases would involve accept-
ing the current 5% figure and projecling and proportion of
female cases v taper o1 gradually to 2 negligible number
by the yeur 2000
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Taklo 18 — Prejections of Ashestosis Lawwwvits Assuming $%
af Prevalant Cases (Nonfitigants) Bring Suit Each Year
Mathod of Projecting Asbestosis
feso Incidence Meso-Asbestosis
Yeors in Asbestetics Mortatity Equivaience
1980 1984 24 800 264100
1985-1989 $,300 10,600
1890-1994 2,800 4,500
1995-1989 200 1.800
2000-2004 200 700
2005-2009 100 200
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The Music of Nature

The chalienge to humanism . . . is . . . to find some new point of view that will accom-
modate both the findings of science and a sense of commitment to mankindg.

Instead of viewing ourselves as incidental byproducts of the matter and energy of the
universe, we could just as easily think of ourselves as artists creating our own lives, using

the material of the universe to do so.

There is nothing fanciful or unscientific about this. it is not “incorrect” to see our-
selves as creative processes using the materials of nature, any more than it is “correct”
10 tal ¢ the reverse view. it's a matter of perspective.

indeed, the gulf between science and humanism may be no more than the gulf that
would exist between printers and authors if the printers suddenly insisted that ail Litera-
ture was merely a byproduct of the chemistry of ink.

The perspective | am suggesting puts the emphasis on conscious life, much as a novei
puts the emphasis on the story. The physical universe is the means by which our lives are
expressed, the medium through which our stories are told.

in adopting this point of view, we can look back over the vast history of the cosmos
and see that billions of years were needed to create small amounts of matter complex
enough to serve as this medium. Only the incredibie intricacy of the material that makes
up the human brain could be used to tell the stories of human beings and their loving,
caning, hating, fearing relationships with each other. Eons of cosmic trial and error were

necessary before that material could exist.

There are undoubtedly peopie who will feel that such a perspective would be de.
meaning 1o scienze. But that would not necessarily be the case. One can cherish physical
nature as one wouid cherish a fine violin, not so much for its shape and coior as for the

music it produces.

- From "Science and You' New Humanism Must Deal With Science’s View of Man™ by
Hen. ¢ W. Pierce in Pirtsburgh Post-Garette, October 30, 1982,
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