








Foreword

I write this foreword for two reasons: first, to acknowledge the gratitude of our

court system to scientists willing to lend their talents to forensic tasks, and

of myself, in particular, for the pathbreaking work of Eric Stallard, Kenneth

G. Manton, and Joel E. Cohen in the Manville Asbestos Case; and second,

because their work suggests both great strength and utility in their statisti-

cally based design and its limitations in predicting events strongly affected

by political and social choices that are difficult to foretell as well as by de-

mographic and epidemiologic factors that can be prophesied with somewhat

more confidence — at least in the short term.

It is by now almost axiomatic that almost every important litigation in the

United States requires experts to help judges and juries arrive at an under-

standing of the case sufficient to permit a sensible resolution within the flexible

scope of our rules of law. The Supreme Court has laid down useful rough cri-

teria for the courts in assessing the capability of proffered experts beginning

with the Daubert line of cases.1 It has also allowed the courts to appoint ex-

perts to supplement those designated by the parties.2 Dr. Joel E. Cohen and

Professor Margaret E. Berger were appointed by me in the Manville asbestos

cases pursuant to Rule 706 of the Federal Rules of Evidence to help project

future claims. Discovery provisions have improved utilization of experts by

requiring advance reports and depositions.3

The result of acknowledgments by the judiciary of the critical role experts

play in our work has resulted in an explosion of academic and other writings

on ways to improve the relationship of science and the law; it is too extensive

1 See Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579, 113 S.Ct. 2786,

125 L.Ed.2d 469 (1993); Fed. R. Evid. 702. There has been greatly increased

concern with training judges in the use of scientific data and experts. See, e.g.,

Federal Judicial Center, Reference Manual on Scientific Evidence (2d ed. 2000);

Science for Judges, Conference at the Brooklyn Law School Center for Health

Law and Policy (Mar. 28 & 29, 2003).
2 See Fed. R. Evid. 706.
3 See Fed. R. Civ. P. 26(a)(2), (b)(4).
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to review here. It is enough to acknowledge my own gratitude for the help of

experts in a few of my own cases and publications.4

In theManville and other asbestos cases one of the problems is attempting

to predict future claims, and the future value of assets set aside in bankruptcy

proceedings to pay for them, so that an equitable method of deciding the

amount of payment to present and future claimants can be devised.

From the scientist’s point of view, forecasting future claims requires the

definition of diseases, causation and medical proof. In the case of some diseases

such as mesothelioma, an asbestos signature disease, the definition, cause and

proof are fairly precise and epidemiology is adequate to predict future diseases,

although attribution to particular defendants is problematic. In the case of

other diseases attributable to asbestos exposure, causation is not as clear,

definition tends to be somewhat ambiguous, analysis of X-rays and other

indicia highly subjective, and epidemiology soft.

From the legal point of view, there is the question of what claims should be

recognized — for example, fear of cancer, nondisabling lung obstructions and

the like. Courts and legislatures can change the universe of claims for reasons

hard to predict. Attorneys’ efficiencies in finding clients, sympathetic doctors

and efficient methods of filing claims at little expense may enormously affect

the number of supportable claims made. The economic problem of predicting

the future value of assets set aside for payment is brought home by the recent

huge changes in stock market values.

The nature of the almost insuperable hurdles to accurate prediction of

claims for personal injury by asbestos is suggested by the fact that Manville

sought bankruptcy in the early 1980s, first projections were made in the

mid-eighties, first payments were made in the late eighties, and by the early

4 See, e.g., Jack B. Weinstein & Margaret E. Berger, Weinstein’s Federal Evidence

§§ 702.01—702.08; 706.01—706.06 (Joseph M. McLaughlin ed., 2002); In re Simon

II Litig ., 211 F.R.D. 86 (E.D.N.Y. 2002) (tobacco); In re Breast Implant Cases,

944 F.Supp. 958 (E.D. & S.D.N.Y. 1996); United States v. Shonubi, 895 F.Supp.

2d 460 (E.D.N.Y. 1995), vacated on other grounds, 103 F.3d 1085 (2d Cir. 1997);

In re “Agent Orange” Product Liability Litig., 603 F.Supp. 239 (E.D.N.Y. 1985);

Jack B. Weinstein, Individual Justice in Mass Tort Litigation 3, 115-17 (1995);

Jack B. Weinstein, Introduction to Hans Zeisel & David Kaye, Prove It with

Figures: Empirical Methods in Law and Litigation (1997); Jack B. Weinstein &

Catherine Wimberly, Secrecy in Law and Science, 23 Cardozo L.R. 1 (2001);

Science, and the Challenges of Expert Testimony in the Courtroom, 77 Or. L.R.

1005 (1998); Improving Expert Testimony, 20 U. Rich. L.R. 473 (1986); Expert

Witness Testimony: A Trial Judge’s Perspective, in Medical—Legal Issues Facing

Neurologists, 17 Neurologic Clinics No. 2, 355 (May 1999); The Effect of Daubert

on the Work of Federal Trial Judges, 2 Shepard’s Expert & Sci. Evid. Q. No. 1

(1994); Litigation and Statistics: Obtaining Evidence Without Abuse, Bureau of

National Affairs, Dec. 24, 1986; Scientific Evidence in the United States Federal

Courts: Opening the Gates of Law to Science, Address Before the First Worldwide

Common Law Jurists Conference (May 30, 1995); Trial Judge’s View of Daubert,

Presentation (Aug. 9, 1993), Scientific Evidence Review, Monograph No. 2.
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nineties, the trust set up to make the payments was already running out of

funds because claims and amounts paid per claim had ballooned. Yet the last

claim for mesothelioma was not expected, because onset of the disease is so

delayed after exposure, until almost 2050. Thus the bankruptcy court in the

1990s needed reliable projections for claims more than 60 years into the fu-

ture. The Manville Personal Injury Settlement Trust history explaining the

present problem is partially set out in the court’s opinion of December 27,

2002. That opinion is available on the publisher’s World Wide Web site asso-

ciated with this book. All-in-all, the asbestos cases present difficult problems

for the courts that can be reduced, but not eliminated, by works such as this

one of Stallard, Manton, and Cohen.

A brief review of where the asbestos litigation now stands might be useful.5

Overview of Current Asbestos Problems

I approach the asbestos problem with sharp memories of the some seventy

asbestos cases I tried with juries in the 1970s and 1980s. Those injured by

asbestos worked as young men during World War II in the Brooklyn Navy

Yard, building battleships and aircraft carriers urgently needed to defeat the

Germans and Japanese; they labored in clouds of asbestos. Many then went

on to serve as sailors, soldiers, and airmen. Years later they were dead or dying

from cancer, or frightened about asbestos in their lungs reported after X-rays.

Navy doctors and others in government, private industry, and the unions knew

of the dangers of asbestos in the thirties and forties, but had done nothing to

protect workers exposed to asbestos dust.

The Asbestos Litigation Crisis

The history of asbestos in this country has been marked by a failure to deal

promptly and comprehensively with a series of related problems. The dan-

gers of asbestos were known at least as early as the 1930s, but millions of

workers and other Americans continued to breathe asbestos without adequate

warnings.

Few agencies or people merit medals for their role in this country’s asbestos

disaster.

The federal government did not act in time to regulate asbestos or to pro-

tect workers adequately. It failed to act promptly through an Environmental

5 The following sections are based upon my remarks at a symposium, “Asbestos:

What Went Wrong,” held at the Bar Association of the City of New York on

October 21, 2002, expanded by my and Katherine L. Aschenbrenner’s article in

the Bureau of National Affairs’ Product Safety & Liability Reporter of November

25, 2002 at p. 1053ff. See also In re Joint E. & S. Dists. Asbestos Litig., 237

F.Supp.2d 297 (E.D.N.Y. 2002); Norfolk & Western Ry. Co. v. Ayers, 123 S.Ct.

1210 (2003).
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Protection Agency or an Occupational Safety and Health Administration un-

til the 1970s.6 State legislatures and agencies were largely quiescent.7 So, too,

were the relevant unions. Most of them were uninvolved in protecting their

at-risk members.

A handful of doctors under Dr. Irving J. Selikoff at Mount Sinai conducted

the devastating epidemiological studies and sounded warnings. They are free

from all blame. Other doctors did little even as they observed that increased

worker diseases resulted from work with asbestos and that adequate ventila-

tion was almost nonexistent.

Except for minimal employee worker compensation, little if any attention

was paid to reparation for those who had suffered, and would suffer, long-

delayed injuries as a result of their unwitting exposure to asbestos. As a

result, those injured by asbestos have relied primarily on the courts in tort-

based suits against manufacturers of products containing asbestos.8

The plaintiff bar has been extensively criticized for its conduct in asbestos

litigation. In my opinion, plaintiffs’ lawyers have, on the whole, acted respon-

sibly and honorably. These lawyers are frequently blamed for concocting the

current and on-going crisis in asbestos litigation, but had it not been for the

plaintiff bar no one would have acted. Plaintiffs’ lawyers deserve credit for

having done more than anyone else to protect and compensate workers in-

jured by asbestos and to deter further dangerous use. Nor can defense counsel

be seriously faulted; in the main, they acted ethically on behalf of their clients.

There are obvious problems inherent in leaving the asbestos crisis to be

dealt with by general tort law in the court system. The deficiencies of our pri-

vate tort-court system have been the subject of extensive critical discussion.9

6 See Clean Air Act, 42 U.S.C. §§ 7401, 7412 (2002) (Congress designated asbestos

as a hazardous air pollutant in the Clean Air Act as passed in 1970); 40 C.F.R.

§ 61 (2002) (Environmental Protection Agency emission standards for hazardous

air pollutants, including asbestos); 29 C.F.R. § 1926.1101 (2002) (Occupational

Safety and Health Administration [“OSHA”] standards on asbestos in construc-

tion); 29 C.F.R. § 1915.1101 (2002) (OSHA standards on asbestos in shipyards);

29 C.F.R. § 1910.1001 (2002) (OSHA standards on asbestos in general industry);

see also Mark A. Behrens, Some Proposals for Courts Interested in Helping Sick

Claimants and Solving Serious Problems in Asbestos Litigation, 54 Baylor L. Rev.

331, 336 n.25 (2002).
7 See, e.g., Edmund J. Ferdinand, III, Asbestos Revisited, 5 Tul. Envtl. L.J. 581, 588

(1992) (commenting on the asbestos industry’s manipulation of state legislatures).
8 See, e.g., Stephen J. Carroll, et al., RAND Institute for Civil Justice, Asbestos

Litigation Costs and Compensation: An Interim Report (2002) (“RAND Report

2002”).
9 See, e.g., Griffin B. Bell, Asbestos Litigation and Judicial Leadership: The Courts’

Duty to Help Solve the Asbestos Litigation Crisis, National Legal Center for the

Public Interest, June 2002. In Great Britain and France where a different compen-

sation system prevails, a large increase in claims now threatens these countries’

insurance and industrial entities. See, e.g., Laurie Kazan-Allen, Foreign Perspec-

tives on the U.S. Asbestos Crisis, Mealey’s Litigation Report: Asbestos, May 7,
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Yet plaintiffs’ claims in asbestos have been accurately described as continuing

like a perpetually “unrolling carpet. At any moment . . . some are filed, some

are resolved and some are yet to come.”10

By the end of 2000, claims for compensation for asbestos-related injuries

had already cost industry and insurers well over 50 billion dollars. It is es-

timated that such claims ultimately will cost businesses as much as $210

billion11 — though this seems high.

The total number of asbestos lawsuits and the rate at which those law-

suits are being filed have increased rapidly in recent years, even though most

industrial use of asbestos ended more than thirty years ago. Defendants have

expanded from a core group of companies who processed asbestos or used it

extensively to over 6000 companies in virtually every type of industry in the

United States.12 Claimants have increased from those who are seriously ill to

those with noncancerous conditions to those who are functionally unimpaired

but show minimal clinical signs of asbestos exposure such as pleural thicken-

ing barely evident in X-rays.13 These recent developments have given rise to

renewed questions of whether there will be enough money to pay all claims

likely to be filed.

As more than three score companies have been driven into bankruptcy

by these claims, leading plaintiff lawyers, financed by substantial fees, have

moved aggressively to bring in peripheral players — in particular, (1) plain-

tiffs, by using mass X-rays and B-reader14 pro-plaintiff diagnoses paid for by

lawyers, as well as by mass media advertising for new clients, and (2) defen-

dants with little asbestos connection, such as automobile manufacturers, who

used asbestos in brake linings.15

2003 at 45; Andrew Murray, et al., Asbestos: Too Hot to Handle for European

Insurers?, Fitch Ratings, March 31, 2003; Laurie Kazan-Allen, French Supreme

Court Supports Asbestos Victims, March 11, 2002, at www.ibas.btinternet.co.uk.
10 Record at 31, Ortiz v. Fibreboard Corp., 527 U.S. 815 (1999) (No. 97-1704) (Oral

argument of Elihu Inselbuch, Esq., on behalf of respondents). Probably less than

one-third of those who could sue, actually do so. See statement of Dr. Mark A.

Peterson, Senate Judiciary Committee, June 4, 2003.
11 RAND Report 2002, supra, at 78.
12 Ibid at 49-50.
13 Ibid at 19-21.
14 A “B” reader is a physician who has been specially trained and certified by

NIOSH in the use of the ILO system for classifying X-rays in the presence of

pneumoconioses.
15 See, e.g., Jackson v. Anchor Packing Co., 994 F.2d 1295 (8th Cir. 1993); Clutter

v. Johns-Manville Sale Corp., 646 F.2d 1151 (6th Cir. 1981); United States v.

Midwest Suspension and Brake, 824 F.Supp. 713 (E.D. Mich. 1993); In re Tire

Worker Asbestos Litig., 1991 WL 195557 (E.D. Pa. 1991); Covington v. Abex

Corp., 1990 WL 204688 (D.D.C. 1990); DiSantis v. Abex Corp., 1989 WL 150548

(E.D. Pa. 1989); Lowie v. Raymark Industries, 676 F.Supp. 1214 (S.D. Ga. 1987).
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Today, electronic filing permits multiple claims at almost no cost to the

plaintiffs’ bar. Legal fee generation in the asbestos litigation business is ex-

tremely efficient and remunerative to plaintiffs’ and to claimants’ lawyers.

The federal Multidistrict Litigation (“MDL”) judge for all federal court

asbestos cases has had his fingers in the dyke for some years in an attempt to

slow the flood of cases. He has had extensive opportunity to observe recent

developments in asbestos cases. He writes:

Since the original assignment of the matter in July, 1991, the number

of cases [in the federal courts, with many times that number in the

state courts] has grown to approximately 105,000. We have closed

over 75,000 cases which represents more than 9,900,000 claims. . . .

The new defendants are not necessarily manufacturers, distributors,

or installers of asbestos products but are peripherally involved. With

20 to 100 or more defendants named in every case, and frequently

with more than one plaintiff, this translates into a myriad of new

claims. . . .

From the onset, we have given priority to the claims of the very

sick and to the victims with malignancies. Groups settlements were

and are critical to the movement of these cases. We have attempted to

establish registries or deferred lists of cases to husband the resources

that are available in order to protect future plaintiffs who may yet

become victims. . . .

Since the inception of the MDL consolidation, we have worked

with all of the attorneys to encourage them to concentrate on the

cases which involve malignancies and severe asbestosis claimants, and

to defer the claims of those who at present have no evidence of im-

pairment. Many of the attorneys have followed this path. . . . We have

been able to close approximately 60% of the claims and the remaining

number of cases is in the area of 30,000. Agreements to close the cases

have included both federal, state, and unfiled cases which grew out of

a waiver of the statute of limitations by all the parties.16

Courts have taken varying approaches in response to the rapid rise in

claims brought by unimpaired individuals. For example, one judge has held in-

active without prejudice, with the tolling of applicable statutes of limitations,

nonmalignant cases until the claimants show evidence of an asbestos-related

debilitating condition.17 Such rulings have diverted many cases from the fed-

eral to state courts since plaintiffs have the option of bringing their cases in

more receptive courts. (In some locales courts are said to be particularly con-

16 Letter from Charles R. Weiner, MDL Judge, Eastern District of Pennsylvania, to

Jack B. Weinstein and other judges (Oct. 15, 2002), filed and docketed in In re

Joint E. & S. Dists. Asbestos Litig. (No. 90-3973) (E.D. & S.D.N.Y. 2002).
17 See Administrative Order No. 8, In re Asbestos Prods. Liab. Litig. (No. MDL

875) (E.D. Pa. Jan. 16, 2002).
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siderate of asbestos plaintiffs.) The federal MDL system has not staunched

the flow.

One federal judge has suggested denying voting rights in bankruptcy to

individuals not presently demonstrating objective medical evidence of im-

pairment.18 In effect this cuts nondisabling cases off from effective claims in

bankruptcy.

State court judges have put nondisabling claims on an ultra slow track,

moving forward only with the most serious cases.19 One court has construed

state law to reduce the burden on jointly liable defendants.20 Still others have

construed state substantive laws to exclude claims of those not functionally

disabled.21

Plaintiffs’ bar has been split on how nondisabled plaintiffs should be han-

dled. Some responsible plaintiffs’ and defendants’ lawyers would stop recog-

nizing them so that available funds could be used for mesothelioma or other

serious diseases. The problem with any approach denying or indefinitely post-

poning claims brought by functionally unimpaired claimants who show some

clinical or X-ray symptoms of asbestos exposure and disease is that, under

federal law,22 state tort law determines whether the claims are actionable. Al-

though a matter of some controversy, many of these claims are substantively

valid under the law of many states.23 In my opinion, nonimpaired claims can-

18 See, e.g., Debtors’ Motion for a Declaration with Respect to Voting Rights of

Certain Putative “Claimants,” In re USG Corp. et al. (No. 01-2094) (Bankr. D.

Del., Aug. 21, 2002).
19 See generally, e.g., Mark A. Behrens & Monica G. Parham, Stewardship for the

Sick: Preserving Assets for Asbestos Victims Through Inactive Docket Programs,

33 Tex. Tech L. Rev. 1 (2001); Paul F. Rothstein, What Courts Can Do in the

Face of the Never-Ending Asbestos Crisis, 71 Miss. L.J. 1 (2001).
20 See Cerisse Anderson, Asbestos Ruling Favors Solvent Defendants, N.Y.L.J., Nov.

4, 2002, at 1 (Manhattan Supreme Court Justice Helen Freedman construes ap-

portionment of liability to protect solvent defendants).
21 Professor Aaron D. Twerski, Newell DeValpine Professor of Law, Brooklyn Law

School, Statement at Symposium, “Asbestos: What Went Wrong,” held at the

Bar Association of the City of New York (October 21, 2002). See also n.16, infra.
22 Erie R. Co. v. Tompkins, 304 U.S. 64 (1938).
23 Compare Unofficial Committee of Select Asbestos Claimants Supplemental Mem-

orandum on SCB Proposed Trust Modifications, In re Joint E. & S. Dists. As-

bestos Litig. (90 CV 3983) ( E.D. & S.D.N.Y., Sep. 25, 2002) with SCB’s Supple-

mental Response to Memoranda Regarding Amendments to the Manville TDP,

In re Joint E. & S. Dists. Asbestos Litig. (90 CV 3983) ( E.D. & S.D.N.Y., Oct. 4,

2002). See also James A. Henderson, Jr. & Aaron D. Twerski, Asbestos Litigation

Gone Mad: Exposure-Based Recovery for Increased Risk, Mental Distress, and

Medical Monitoring, 53 S.C. L. Rev. 815 (2002) (arguing that preinjury claims

brought by plaintiffs exposed to asbestos for increased risk, negligent infliction

of emotional distress, or medical monitoring are “radical departures from long-

standing norms of tort law” and should not be recognized); RAND Report 2002,

supra, at 19-20.
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not be ignored where state law recognizes them. It is still possible, however, to

reduce the ratio of compensation paid to claimants who are not functionally

impaired to better reflect the relative gravity of injury.

As funds run out, the percentage paid of the agreed value of any claim is

reduced. In Manville, claimants have been receiving only 5% to 10% of the

agreed value of their claims.

In general, the plaintiffs’ bar has not been irresponsible. Even those who

do not want to exclude nondisabling claims have now agreed to allow much

higher relative payments for more serious diseases. In the Manville Personal

Injury Settlement Trust, for example, the ratio has gone up from less than 10

to 1 to 30 to 1 with the agreement of most of the plaintiffs’ bar, the Trust,

and the Representative of Future Claimants. There was also some tightening

of the criteria for demonstrating an asbestos-related disease, although the op-

portunity for fraud or exaggeration of dubious claims still remains substantial.

Possible Future

There are a number of possible legal reactions to the asbestos problems.

Leaving Matters As They Are

First, if the acceleration and expansion of asbestos lawsuits continues unad-

dressed, it is possible that almost every company with even a remote con-

nection to asbestos may be driven into bankruptcy or at least suffer serious

financial difficulties. This risk is increasingly imminent as more obvious defen-

dants become bankrupt and aggressive plaintiff lawyers move to fresh prey.

Although bankruptcy does have its advantages, it is not an entirely sat-

isfactory solution. Reliance on it will cause unnecessary business failures and

result in many who will suffer from asbestos-related injuries being un- or

under-compensated. The continued spread of asbestos litigation leaves a cloud

hanging over the American economy. There will be a threat of loss of jobs in

defendant companies and unnecessary harm to creditors and equity holders

of stock.

A “litigation as usual” outcome is not satisfactory. It results in the inability

of many workers and other claimants to receive adequate compensation for

their asbestos-related injuries. It will result in excessive transaction costs. It

will inhibit useful corporate consolidations with companies that have the least

hint of asbestos relatedness.

Dealing successfully with asbestos litigation through the court system

presents difficulties. Any comprehensive solution would require substantial

reliance on the Stallard, Manton, and Cohen projection system.

Plaintiff Class Action

One new litigation-based strategy is a global class action brought by all

claimants exposed to asbestos against all defendants connected to the as-

bestos industry. The class could be certified as a limited fund, non—opt-out
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compensatory damage class on the ground that the massive threat to industry

as well as claimants warrants an exercise of equitable power.24 A non—opt-out

punitive damage class could be simultaneously prosecuted.25 Such a class ac-

tion would be able to utilize national demographic and epidemiological data

that could place realistic boundaries on total recoveries, provide for sensible

distribution, and cut fees and transactional costs.

Except in limited special circumstances, a plaintiff class action is unlikely

to be brought because the continued possibility of large attorney’s fees in in-

dividual litigation provides an adverse incentive to reducing total transaction

costs. Mass cases, individually settled in bulk, provide much higher fees for

plaintiffs’ lawyers. In class actions the court regulates fees. Total regulation

of fees even in non—class actions would provide the condition for a rational

disposition reasonably protective of all those injured; this appropriate result

would probably require empowering legislation.

The Supreme Court’s decisions in Amchem26 and Ortiz 27 leave a cloud

over any global settlement.28 In my view the size of this cloud has been much

exaggerated. A well designed class settlement or trial could succeed in pro-

viding closure to asbestos litigation in this country.

Defendant Class Action

A second litigation-based possibility is an action, based on a theory of in-

terpleader or an action to quiet title, brought by the industrial firms and

other potential defendants against a non—opt-out class of possible claimants.

It would use a class action to reverse the litigation roles of plaintiffs and

defendants.29

After a determination of total liability, the court would determine percent-

age liability and allocate funds through an administrative scheme. The data

necessary to make these determinations could be obtained in part through

an analysis of claims filed with existing bankruptcy trusts and projections of

24 See Fed. R. Civ. P. 23.
25 See In re Simon II Litigation, 211 F.R.D. 86, 2002 WL 31323751 (E.D.N.Y. 2002).
26 Amchem Products, Inc. v. Windsor, 521 U.S. 591 (1997).
27 Ortiz v. Fibreboard Corp., 527 U.S. 815 (1999).
28 On asbestos litigation after Amchem and Ortiz, see generally Deborah R. Hensler,

As Time Goes By: Asbestos Litigation After Amchem and Ortiz, 80 Tex. L. Rev.

1899 (2002); Samuel Issacharoff, “Shocked”: Mass Torts and Aggregate Asbestos

Litigation After Amchem and Ortiz, 80 Tex. L. Rev. 1925 (2002).
29 Cf. Ortiz, 527 U.S. at 834-36, 848 (Rule 23(b)(1)(B) class action appropriate to

resolve claims made against a fund facing limits other than those imposed solely

by agreement of the parties which render it insufficient to satisfy all claims); In re

Simon II Litigation, 211 F.R.D. 86, 2002 WL 31323751 at *106 (E.D.N.Y. 2002);

In re The Exxon Valdez, No. A89-0095-CV (HRH) (Consolidated), Order No. 180

Supp., at 8-9 (D. Alaska, Mar. 8. 1994), vacated as to amount of punitive award,

In re Exxon Valdez, 270 F.3d 1215 (9th Cir. 2001).
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future disease manifestations calculated by these trusts and others. Demo-

graphic and epidemiological data are available.

Defensive actions by prospective defendants are unlikely to be brought

because of fear. Plaintiffs’ attorneys are perceived to be too powerful and too

threatening to allow such a sensible resolution that would limit future fees.

Bankruptcy

One variation on this possibility of a defendants’ initiative is to use bank-

ruptcy proceedings and Section 524(g) of Title 11 of the United States Code

(the special asbestos provision) to attempt to achieve a global resolution with-

out destruction of equity and the debt structure of defendants. This is a fairly

radical circumvention of traditional bankruptcy rules. Before new defendants

would consider this route they would want legislation to protect their in-

vestors. A prepackaged bankruptcy may be available in limited circumstances

to safeguard parents of asbestos-tainted subsidiaries.30

Legislation

The best resolution to the asbestos problem may be through federal legisla-

tion. The hope of uniform state legislation to eliminate nonmalignant claims

does not appear realistic. The Supreme Court, in Amchem Products, Inc. v.

Windsor31 and in Ortiz v. Fibreboard Corp.,32 emphasized the need for leg-

islative intervention in the “elephantine mass of asbestos cases.”33

The desirability of legislation to deal with the problem of asbestos in a com-

prehensive manner and to ensure that those who suffer from injuries caused by

exposure to asbestos are fairly compensated has become more apparent with

the rapid rise in claims brought by functionally unimpaired claimants. Senator

Leahy responded to the Supreme Court’s call for congressional action, holding

a full Senate Judiciary Committee hearing on Asbestos Litigation on Septem-

ber 25, 2002.34 The Senate Judiciary Committee held additional hearings on

asbestos litigation on March 5 and June 4, 2003.

Congress has the authority under the Commerce Clause and its Bank-

ruptcy Power to deal with asbestos. It could set up a compensation scheme

as the exclusive remedy for injuries resulting from exposure to asbestos on

the theory that it was regulating events affecting the economy of the coun-

try and protecting the health and welfare of the people. It has acted in mass

30 Alison Langley, “ABB Proposes a Settlement for All Asbestos Lawsuits,”

N.Y.Times, Nov. 2, 2002, at B2 (prepackaged bankruptcy of subsidiary to protect

parent).
31 521 U.S. at 597-98.
32 527 U.S. 815.
33 Ibid at 821.
34 Asbestos Litigation, Hearing Before the Senate Committee on the Judiciary, 107th

Cong. (2002) (statement of Sen. Patrick Leahy, Chairman, S. Comm. on the

Judiciary).
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situations on occasion when traditional forms of litigation alone would have

provided only an incomplete and unsatisfactory solution to harm suffered by

large numbers of people.35 The national legislature has the power to preempt

state statutes and common law if necessary to achieve its purpose.36

The “tax” imposed for clean-up of major polluting sites offers some expe-

rience.37 Black Lung and industry-funded pollution clean-up programs have,

however, proved very expensive. Congress probably will shy away from pro-

viding an ultimate deep pocket. Any legislation will have to sharply limit

taxpayer impact.

Federal asbestos legislation should not affect prior completed bankruptcies.

Trusts in most of those cases already have been set up and the rights of

claimants and industry have vested. The legislation should be designed to

deal with those whose claims have not yet been adjudicated and with future

asbestos claimants. Whether those whose suits or claims are pending but

not decided should be included in any new federal scheme presents an open

question; my preference would be to fold within the scheme all claims which

have not been resolved by judgments. Partial past resolutions could be handled

through set-offs.

A legislative scheme could effectively be set up under a federal adminis-

trative system as follows:

1. The federal legislative system would establish an exclusive remedy; there

would be no right for either plaintiffs or defendants to opt out to enter the

tort system. Allowing the system to be voluntary would risk the federal

statutory alternative both becoming underfunded and being rejected by

plaintiffs’ lawyers.

2. An adjudicative administrative board would allocate administrative and

compensation costs against prospective defendants and their insurers. Al-

location would be based on a finding of percentage of probable culpability.

35 See, e.g., September 11th Victim Compensation Fund of 2001, Pub.L. 107-42, Ti-

tle IV, 115 Stat. 237 (2001); National Childhood Vaccine Injury Act of 1986, 42

U.S.C.§§300aa-1 to 34 (2002) (establishing the National Vaccine Injury Compen-

sation Program); Black Lung Benefits Act, 30 U.S.C. § 901 (2002); Price-Anderson

Act (Atomic Energy Damages Act), Pub. L. 85-256, 71 Stat. 576 (1957); see also

Jack B. Weinstein, Individual Justice in Mass Tort Litigation: The Effect of Class

Actions, Consolidations, and Other Multiparty Devices 119-21 (1995).
36 Cf., e.g., Lorillard Tobacco Co. v. Reilly, 533 U.S. 525 (2001); Freier v. Westing-

house Electric Corp., 303 F.3d 176 (2d Cir. 2002) (holding that the Comprehensive

Environmental Regulation, Compensation, and Liability Act’s uniform standard

for determining the accrual date for state law personal injury claims arising out of

exposure to hazardous substances, although it effectively overrode state statutes

of limitations, did not exceed Congress’s Commerce Clause Authority).
37 See Comprehensive Environmental Regulation, Compensation, and Liability Act,

42 U.S.C. §§ 9601-9675 (2002), amended by Superfund Amendments and Reau-

thorization Act of 1986, Pub. L. No. 99-499, 100 Stat. 1613 (Oct. 17, 1986).
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3. Compensation for claimants would be determined according to a social

security-like scheme or be based upon a number of current bankruptcy

administrative plans, with allocations to be predicated on a reasonable

extrapolation from the tort system. Changing conditions would be moni-

tored, permitting continuous adjustments of awards and liability for pay-

ment into a fund.

4. The government would guarantee payments in any individual year, up

to a set (relatively modest) sum, with total payments out of prospective

defendants’ payments not to exceed another set sum per year. Since the

federal government bears a large responsibility because of its failure to

act to protect workers, particularly during World War II, its contribution

would be appropriate.

5. Those who are not functionally impaired, those who are impaired primar-

ily because of other exposures, and those who did not suffer occupational

exposure should be excluded. The statute of limitations would be tolled

until impairment could be shown.

6. The preemptive control of the federal government based upon the

Supremacy Clause would trump state law as in tobacco, children’s vac-

cines, and other matters.

7. Attorneys’ fees could be based on criteria similar to those used by the

Social Security Administration — a 25% maximum of the claimant’s award

or such other lower figure as the administrative tribunal determines to be

appropriate.

Obviously there are many other acceptable legislative solutions. The de-

tails set out above are illustrative.

Screening Programs

A prerequisite to any successful resolution of the asbestos problem is an effi-

cient and effective method for determining those who have an asbestos-related

“disease.” A comprehensive screening program in and of itself is not objection-

able, provided that screening is for real asbestos-caused problems.38 Spending

large sums for widespread medical monitoring tends, except in unusual cir-

cumstances, to be wasteful of funds better spent on those who are impaired.39

We need more objective tests. We require an opinion from an impartial

and reliable national organization concerning better methods for determining

asbestos-related injuries with potential alternatives and their feasibility. One

38 Cf. Breast and Cervical Cancer Mortality Prevention Act of 1990, 42 U.S.C. §

300k (2002) (authorizing the grant of funds to provide breast cancer screening for

underserved women).
39 But cf. Pankaj Venugopal, The Class Certification of Medical Monitoring Claims,

102 Colum. L. Rev. 1659 (2002) (assuming viability of medical monitoring, opt-

out right is unnecessary because of the equitable nature of the remedy under a

Rule 23(b)(2) of the Federal Rules of Procedure class action).
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possibility is to ask the National Academy of Sciences or a similar national

organization with great prestige to undertake a study.

We also need a reliable opinion from such a group on when clinical ev-

idence of asbestos-related exposure such as pleural thickening will become

debilitating, the percentage of individuals showing such evidence who eventu-

ally will probably become functionally impaired as a result of their exposure

to asbestos, and timelines for discovery of future disabilities. Such an under-

standing would help in a number of different ways. It would aid in making

proper awards by existing bankruptcy trusts. It would provide a basis for

future state and federal legislation. It would help courts determine liability

and damages. It would permit insurers and insured to better plan for future

payments.

Projections of Claims

No rational solution can be adopted without a projection of future diseases

and, perhaps, claims. Congress, the courts, industry, insurers, workers, and

the public need the most reliable estimates that scientists can provide.

Conclusion

The time to resolve the asbestos problem and litigation crisis has come

and is fast going. We need to now address the failure in our medical-legal-

entrepreneurial-political systems to deal with asbestos-caused diseases effec-

tively. In doing so the law and our political and economic systems will have to

rely heavily on the pathbreaking work of Eric Stallard, Kenneth G. Manton,

and Joel E. Cohen.

Jack B. Weinstein

Senior Judge

U.S. District Court

Eastern District of New York
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When the Manville asbestos product-liability litigation was settled in Decem-

ber 1994, the question was raised about an appropriate avenue for publishing

the scientific analyses conducted for the Court. A follow-up research mono-

graph was required to provide a comprehensive review of epidemiology and

modeling involved in the analyses for two reasons. First, substantial prior

analyses were not included in the trial record but were necessary for a full

understanding of the issues. Second, the efforts at model building and claim

forecasting were iterative, with a first report in the summer of 1993 being

superceded by a final report in the spring of 1994. The Court record contains

only the summary of these changes. The details are contained herein.

In preparing this volume, we set three goals that would help the general

reader more easily understand the logic and methods of the analyses we con-

ducted for the court. First, although our analyses were focused on asbestos,

the presentation of our methods should be of interest and applicable to fore-

casting problems in other product-liability areas. Second, our presentation

should emphasize the interaction between epidemiology and modeling while

recognizing the context of the U.S. legal system and its unique methods for

assessing the liability of tort-feasors. Third, our presentation should be scien-

tifically rigorous, yet not so complex and technically demanding that it would

fail to appeal to a broad audience.

Throughout the preparation of this volume, we were cognizant of these

goals and attempted to broaden the scope of our analyses and assessments

to appeal to a diverse audience. In so doing, we were guided by two basic

principles. First, because the Manville litigation was among the largest class-

action cases in which the Federal Court relied on a panel of neutral experts

to develop statistical models to ensure reliable projections of future claims,

our task included disseminating the findings in a format accessible to other

parties to asbestos litigation, in particular, and to product-liability cases, in

general.

Second, because we viewed our models and methods as having applica-

bility beyond product liability, our task included recording the methodology

xix
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and findings in a format accessible to scientists outside of this area. This, we

believe, provides the best opportunity for applying these methods to evaluat-

ing effects of occupational and other exposures for both short- and long-term

disease outcomes.

Eric Stallard

Kenneth G. Manton

Joel E. Cohen
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Overview

1.1 Introduction

This chapter provides background to the Manville asbestos case, an overview

of our modeling task, the results, the range of uncertainty, the setting of

payout percentages, the need to monitor the future claim process, and the

implications of our results for asbestos product liability litigation. The chapter

concludes with a discussion of the monograph’s organization, indicating the

following chapters’ contents, and interrelations of the chapters. The organizing

principle is that our forecasting model combined elements of two different

approaches — one due to Selikoff and his collaborators, and the other due

to Walker and his collaborators. In selecting the “best” parts of these two

approaches, we rejected other parts. The evidence and rationale for doing so

are an integral part of the description of our hybrid model’s development.

1.2 Asbestos and Health

Asbestos is the commercial name for silicate fibers from the serpentine and

amphibole mineral groups — two groups that are distinguished by their crys-

talline structure (NRC, 1984). The most common forms of asbestos in the

United States are chrysotile (a white serpentine), amosite (a brown amphi-

bole), and crocidolite (a blue amphibole). Chrysotile accounts for 90-95% of

historical use, and amosite and crocidolite rank a distant second and third.

Three other amphiboles — actinolite, anthophyllite, and tremolite — were rarely

used in the United States and are generally found as contaminants in other

minerals.

Important physicochemical properties of asbestos include its high tensile

strength, flexibility, resistance to heat and fire, corrosion resistance, resistance

to chemical degradation, and high electrical resistance. These properties made

asbestos commercially important and ideally suited for eventual use in over

5000 products including cement pipes, flooring, friction and roofing products,

1



2 1 Overview

cement sheets, packing and gaskets, and coatings and compounds (NCI, 1996).

Unfortunately, other related physicochemical properties of asbestos make it

dangerous to human health. Asbestos is recognized as a causal agent in sev-

eral long-term chronic disease processes, including mesothelioma, lung cancer,

gastrointestinal cancer, asbestosis, and pleural plaques/thickening.

The primary pathway for human asbestos exposure is through the inhala-

tion of airborne asbestos dust fibers. The inhalation process includes deposi-

tion of fibers in the respiratory tract, retention of fibers at critical locations

in the respiratory airways, and clearance and transportation of the fibers to

other organs — upward toward the mouth through normal mucus clearance

mechanisms, leading to a secondary ingestion pathway that could account

for laryngeal, pharyngeal, esophageal, stomach, and colon/rectum cancers, or

outward through the lung tissue or through the lymphatic channels, which

could account for the pleural diseases. Mineral fiber content analyses of tis-

sue samples from patients, by disease type and occupation, provide strong

evidence that amphibole fibers exhibit significantly greater persistence than

chrysotile fibers in the lung and suggestive evidence that a significant fraction

of chrysotile fibers migrate to the pleura, where they accumulate (Roggli et

al., 1992b; Smith and Wright, 1996).

The central role of the lung and pleura in this process is evidenced by the

finding that these sites manifest both neoplastic and non-neoplastic asbestos-

associated diseases. Asbestosis is a non-neoplastic fibrotic lung disease, fre-

quently asymptomatic, that may produce dyspnea (labored breathing) on

exertion or at rest, dry nonproductive coughing, crackles, digital clubbing

(widening/thickening of ends of fingers and toes), cyanosis (discoloration

of skin/mucous membranes), and tachypnea (rapid respiration) (Roggli and

Pratt, 1992). Radiographically, the disease is characterized by small irregular

opacities in the lower lung. The presence of asbestos fibers and asbestos bodies

(iron-coated asbestos fibers) in the lung can help distinguish asbestosis from

similar nonasbestos-related diseases such as idiopathic interstitial fibrosis, in-

terstitial pneumonia, and fibrosing alveolitis (Garrard et al., 1992).

Pleural plaques and pleural thickening are distinct benign manifestations

of asbestos exposure (Greenberg, 1992). The pleurae are the double-walled

serous membranes that enclose the lungs. The right and left pleurae are en-

tirely distinct from each other, as are the right and left lungs. Pleural plaques

are areas of dense elevated fibrous tissue, generally found on the outer pleural

wall (parietal pleura), generally asymptomatic, often calcified, with diameters

up to 12 cm. Pleural plaques may be due to infections, trauma, blood in the

chest, and empyema (pus), in addition to asbestos exposure (Garrard et al.,

1992). Pleural thickening includes diffuse pleural fibrosis and rounded atelec-

tasis (folded lung syndrome), both of which may be asymptomatic, but may

also result in reduced vital capacity. The former may be due to rheumatoid

arthritis and systemic lupus erythematosus, in addition to asbestos exposure.

Benign asbestos-related pleural effusion is a form of pleurisy that may occur

alone or in combination with pleural plaques/thickening.
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Lung cancer (carcinoma of the lung) and mesothelioma are the two most

frequent and serious neoplastic diseases associated with asbestos exposure.

Both diseases are generally lethal and resistant to treatment. Lung cancer

includes proximal bronchogenic carcinoma and peripheral carcinoma of the

small airways. Currently, 85-90% of lung cancers in the United States are at-

tributable to cigarette smoking; only about 2% are attributable to asbestos

exposure (Roggli et al., 1992b). Relative risks for lung cancer mortality as

functions of cigarette smoking and asbestos exposure levels exhibit indepen-

dent and multiplicative dose-response patterns. In the general population of

cigarette smokers, the primary cancer occurs in an upper lobe of the lung

about two-thirds of the time, whereas among asbestos workers, the primary

cancer occurs in a lower lobe of the lung about two-thirds of the time. However,

there are no distinctive pathological, morphological, or histological features of

lung cancer that permit the causative agent to be unambiguously identified

as tobacco or asbestos (Greenberg and Roggli, 1992).

Malignant mesothelioma is a cancer of the mesothelium, the single layer

of flat cells that forms the surfaces of each of the body’s three major serous

membranes: the pleura (which lines the lungs), the peritoneum (which lines

the abdominal viscera), and the pericardium (which lines the heart and associ-

ated vessels). A benign form of mesothelioma, not asbestos related, exists but

will not be considered further in this monograph. Human malignant mesothe-

lioma (henceforth referred to as “mesothelioma”) is primarily due to asbestos

exposure (Spirtas et al., 1994). In contrast to lung cancer, cigarette smok-

ing is not a risk factor for mesothelioma. Other potential risk factors include

erionite mineral fibers, radiation, chronic inflammation/scarring, chemical car-

cinogens, viruses (e.g., SV40), chronic empyema, therapeutic pneumothorax,

and hereditary predisposition (Roggli et al., 1992c).

The most common site of mesothelioma is the pleura, accounting for about

90% of cases, followed by the peritoneum, accounting for most of the remaining

10% of cases; however, it has been hypothesized that these proportions may

change with changes in exposure intensity and duration (Roggli et al., 1992c).

Primary pericardial mesothelioma is rare and may be difficult to distinguish

from pleural mesothelioma. In turn, pleural mesothelioma may be difficult to

distinguish from other common tumors, including adenocarcinoma metastases

from the lung, breast, stomach, colon, or other primary sites (Garrard et

al., 1992). Symptoms of pleural mesothelioma include chest pain, persistent

cough, dyspnea, weight loss, pleural effusion, and digital clubbing. The tumor

generally spreads over the surface of the lung, eventually encasing it (Roggli

et al., 1992c).

In a similar manner, peritoneal mesothelioma generally spreads over the

surface of the abdominal viscera, eventually encasing the abdominal organs.

Peritoneal mesothelioma may be difficult to distinguish from metastatic car-

cinoma from other primary sites such as the stomach, pancreas, and ovaries,

papillary tumors in women, and reactive mesothelial hyperplasia (Roggli et al.,

1992c). Symptoms of peritoneal mesothelioma include abdominal pain, weight
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loss, abdominal distension, constipation, and ascites (effusion of serous fluids).

The prognosis for all forms of mesothelioma is extremely poor and survival

times of 7-15 months beyond diagnosis are typical (Roggli et al., 1992c).

Currently, the Manville Trust recognizes asbestos-related disease claims for

mesothelioma, lung cancer, colon/rectum cancer, stomach cancer, laryngeal,

pharyngeal, and esophageal cancers, asbestosis, and pleural plaques/thickening

(Weinstein, 2002). Additional information on the pathology of these diseases

can be found in the volume by Roggli et al. (1992a).

1.3 History of Asbestos

Asbestos has been used since ancient times. The earliest written reference

to asbestos was by Theophrastus, a student of Aristotle. Later references

describe uses of asbestos across the centuries by such historical figures as

Pliny the Elder, Charlemagne, Marco Polo, and Benjamin Franklin (Alleman

and Mossman, 1997).

Georgius Agricola published the first scientific study of asbestos in the 16th

century. A series of scientific papers on asbestos was published in England

by the Royal Society during the period 1660-1700. The first full scientific

volume on asbestos was published in 1727 by the German mineralogist Franz

Bruckmann (Alleman and Mossman, 1997). Modern treatments of this subject

can be found in Michael and Chissick (1979) and the references therein.

The first U.S. patent for an asbestos product was issued in 1828 for insula-

tion material in steam engines. This was followed by a series of U.K. and U.S.

patents over the period 1834-1885 for asbestos products for safes, lubricants,

fireboxes, electrical insulation, roofing felt, construction boards, and food fil-

ters. Eventually, thousands of products were based on innovative applications

of asbestos (NCI, 1996).

Mining of substantial amounts of chrysotile began in Quebec in 1878, cro-

cidolite in South Africa in 1910, and amosite in South Africa in 1916 (Roggli

and Coin, 1992). Today, Russia, China, and Canada are the world’s leading

producers of asbestos (Virta, 2001).

The rise and fall of the asbestos industry in the United States occurred

over a period of more than 100 years. Data from the U.S. Bureau of Mines and

the U.S. Geological Survey indicate that the growth of asbestos consumption

began in 1895 (NRC, 1984), with annual consumption reaching 46,000 metric

tons in 1910 and 209,000 metric tons in 1925, dropping below 90,000 metric

tons in 1932 during the Great Depression, and then resuming a period of

rapid increase during WWII and thereafter, reaching 613,000 metric tons in

1948 and 723,000 metric tons in 1951 (Buckingham and Virta, 2002). This

was followed by a period of stability in the 1950s and slow growth through

the 1960s, with annual consumption peaking at 803,000 metric tons in 1973,

at which time evidence of the adverse health consequences of asbestos was

beginning to lead to increased regulation and searches for safer substitute
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materials (Buckingham and Virta, 2002). This was followed by periods of

gradual and then precipitous declines, with annual consumption dropping

from 619,000 metric tons in 1978 to 356,000 metric tons in 1980, 247,000

metric tons in 1982, 41,000 metric tons in 1990, 22,000 metric tons in 1995,

and 15,000 metric tons in 2000 (Buckingham and Virta, 2002).

As of 2003, asbestos use in the United States continued in a highly regu-

lated environment at levels far below those of 1910. Furthermore, most major

manufacturers and users of asbestos products have been subjected to large

volumes of lawsuits for personal injuries attributable to the adverse health

effects of asbestos. Asbestos-related bankruptcy filings in the United States

accelerated from 16 in the 1980s and 18 in the 1990s to 28 from January 2000

through December 2002 (Biggs, 2003).

The health hazards of asbestos are recognized outside the United States

and the substance has been subjected to increasing levels of control and regula-

tion. For example, 21 European countries, including France, Germany, Italy,

and the United Kingdom, have imposed a near-total ban on the use of as-

bestos, allowing exceptions only where there is no safe substitute.

1.4 Epidemiological Discovery

The epidemiological databases and analyses supporting our current under-

standing of the health risks associated with asbestos fibers were developed

over a period of 80 years. The earliest reported death due to an asbestos-

related disease occurred in London in 1900 in a man whose asbestos exposure

occurred over a 12-year period (Murray, 1907). The first case of asbestosis

reported in the medical literature was in Cooke (1924, 1927). The first cases

of asbestos-related pleural plaques were reported by Sparks (1931). The first

cases of asbestos-related lung cancer were reported in 1935 (Lynch and Smith,

1935; Gloyne, 1935) and the first cases of asbestos-related malignant mesothe-

liomas were reported in the early 1950s (Weiss, 1953; Leicher, 1954). While

U.S. companies were doing nothing to protect American workers against the

health risks of asbestos exposure, Nazi Germany mounted a campaign against

asbestos and included lung cancer as a compensable occupational disease of

asbestos workers (Proctor, 1999, pp. 107-113). Quantitative epidemiological

analyses of excess asbestos-related lung cancer risk were conducted for as-

bestos factory workers by Doll (1955) and for asbestos insulation workers by

Selikoff et al. (1964). The connection between asbestos exposure and malig-

nant mesothelioma was firmly established by Wagner et al. (1960). These

initial studies have been validated in dozens of follow-up studies (NRC, 1984;

EPA, 1986).

Other cancer sites have also been identified. The first cases of asbestos-

related gastrointestinal cancer (i.e., primary cancer of the esophagus, stomach,

colon, or rectum) were reported by Selikoff et al. (1964), based on their epi-

demiological analyses of relative mortality risks among asbestos insulation
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workers. Selikoff et al. (1979) reported increased cancer death rates among

asbestos insulation workers for the larynx, buccal cavity, oropharynx, and

kidney. Selikoff and Seidman (1991) indicated that gallbladder/bile ducts and

pancreas should be added to this list. However, Greenberg and Roggli (1992),

after reviewing results from other epidemiological and experimental studies,

concluded that the existing evidence for an association with asbestos was in-

conclusive for cancers of the pancreas, stomach, colon, and rectum, and was

negative for cancers of the kidney.

1.5 Johns-Manville Corporation

The rise and fall of the Johns-Manville Corporation closely tracks that of

the asbestos industry in the United States (Macchiarola, 1996). Founded in

1858 as the H.W. Johns Manufacturing Company, its main product was fire-

resistant asbestos roofing material. The Johns-Manville Corporation was es-

tablished in 1901 when Charles Manville bought the business from the Johns

family, 3 years after H.W. Johns had died from pulmonary fibrosis — an un-

recognized result of asbestos exposure. By 1925, the company was produc-

ing over 200 different asbestos products. The company grew to become the

world’s largest manufacturer of asbestos, earning a Fortune 500 listing. Johns-

Manville’s share of the asbestos products market has been estimated in the

range 25-40%, far exceeding that of major competitors Owens Corning (10-

15%), Owens-Illinois (5%), and Armstrong World (<5%) (Hersch, 1992, p.

17). Of these four companies, only Owens-Illinois remained solvent in 2003.

Johns-Manville executives were initially informed of health hazards as-

sociated with asbestos in 1924 at the time of Cooke’s first paper connecting

asbestos and asbestosis. In the 1930s, Johns-Manville quietly settled a number

of asbestos-related personal injury lawsuits (Macchiarola, 1996). Following Se-

likoff et al.’s (1964) report, a new stream of lawsuits against Johns-Manville

began, growing slowly at first, with 159 cases filed in 1976, and then more

rapidly, with about 6000 cases filed in 1982. At the time Johns-Manville filed

for bankruptcy protection under Chapter 11 of the U.S. Bankruptcy Code in

August 1982, the company had settled 3570 lawsuits at an average cost of

about $20,000 per claim; yet nearly 17,000 claims remained to be settled and

thousands more were being filed each year. The company’s gross assets were

worth $2.25 billion; its net worth was $830 million (Macchiarola, 1996).

1.6 Manville Trust

The Manville Plan of Reorganization under Chapter 11 was authorized by

Judge Burton R. Lifland (Chief Bankruptcy Judge, Southern District of New

York) in December 1986 and given final approval by the U.S. Court of Appeals

(Second Circuit) in October 1988. This plan established two distinct trusts,
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the first to provide compensation for personal injuries (the Manville Personal

Injury Settlement Trust — MPIST) and the second to provide compensation for

property damage (the Manville Property Damage Settlement Trust). Under

the Plan of Reorganization, claims could be filed against either trust but not

against the reorganized (and renamed) Manville Corporation.

The personal injury trust had assets in excess of $2 billion and an 80% own-

ership interest in the Manville Corporation. In contrast, the property damage

trust was relatively small, with assets of about $125 million. Our interest in

this monograph will be restricted to the experience of the personal injury trust

(henceforth referred to as the “Trust” or the “Manville Trust,” for brevity).

At the time of its inception in November 1988, the Trust had a backlog

of nearly 17,000 claims filed prior to the Johns-Manville bankruptcy filing in

August 1982 and a projected total of 83,000-100,000 new claims to be filed

over the life of the Trust. The Plan of Reorganization required that these

100,000-117,000 claims be paid on a first-in/first-out basis at 100% of the

liquidated value of the victims’ claims (Macchiarola, 1996).

By the end of 1989, the Trust had received 140,000 claims and new claims

were arriving at a rate of 17,000 per year. Not only had the existing number

of claims already exceeded the upper bound of the projected total for the

life of the Trust, but the settlement costs were averaging $41,150 per claim —

65% higher than the $25,000 cost assumed in the projections (Macchiarola,

1996). The Trust was running out of cash, the Trust Plan was failing, and

the Trust had been named in 89,000 new lawsuits and tens of thousands more

lawsuits were expected. Given these circumstances and its inability to carry

out its mandate in an orderly manner, the Trust petitioned the Court for legal

protection.

1.7 Manville Trust Litigation

In July 1990, jurisdiction over the Trust was assigned to Judge Jack B. Wein-

stein (Senior U.S. District Judge, Eastern District of New York), who issued

a stay temporarily suspending all Trust payments, except those for exigent

health circumstances or extreme economic hardships. Testimony in early No-

vember 1990 by Special Master Marvin E. Frankel indicated that the Trust

was “deeply insolvent” (Weinstein, 1994). Shortly thereafter, on November 19,

1990, a class-action suit against the Trust, captioned Findley v. Blinken, was

filed on behalf of all Trust beneficiaries jointly in the Eastern and Southern

Districts of New York under the jurisdiction of Judges Weinstein and Lifland.

The suit sought a restructuring of the Trust and a fair and equitable distrib-

ution of its assets among its beneficiaries. On February 13, 1991, the suit was

certified as a mandatory non—opt-out class action under Rule 23(b)(1)(B) of

the Federal Rules of Civil Procedure.

Rule 23(b)(1)(B), governing class actions, provides that:
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An action may be maintained as a class action if the prerequisites

of [Rule 23 (a)] are satisfied, and in addition: (1) the prosecution of

separate actions by or against individual members of the class would

create a risk of adjudications with respect to individual members of the

class which would as a practical matter be dispositive of the interests

of the other members not parties to the adjudications or substantially

impair or impede their ability to protect their interests.

The prerequisites of Rule 23(a) are as follows:

One or more members of a class action may sue or be sued as repre-

sentative parties on behalf of all only if:

(1) the class is so numerous that joinder of all members is impracti-

cable,

(2) there are questions of law or fact common to the class,

(3) the claims or defenses of the representative parties are typical of

the claims or defenses of the class, and

(4) the representative parties will fairly and adequately protect the

interests of the class.

The case was settled, appealed, remanded, and ultimately refiled as an

amended complaint, captioned Findley v. Falise, on October 8, 1993. Trial

commenced on March 15, 1994 and the proceedings continued through July

25, 1994, at which time, a negotiated settlement was reached among the Trust

and the six certified subclasses:

1. Present claimants

2. Future claimants

3. Claimants with settlements and judgments dated prior to November 19,

1990

4. Codefendant asbestos manufacturers

5. Manville asbestos distributors

6. The MacArthur Company (a former Manville distributor)

Pursuant to Rule 706 of the Federal Rules of Evidence, in April 1991, and

on the recommendation of Professor Margaret A. Berger, Judge Weinstein

ordered that a panel of independent neutral experts be assembled to develop a

statistical model that would ensure reliable projections of the number, timing,

and nature of future claims against the Trust. Such projections were needed to

ensure that a fair, adequate, and equitable distribution of the Trust’s limited

assets could be developed that would balance the interests of all present and

future claimants.

Rule 706, governing the use of court appointed experts, states:

The court may on its own motion or on the motion of any party enter

an order to show cause why expert witnesses should not be appointed,

and may request the parties to submit nominations. The court may
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appoint any expert witnesses agreed upon by the parties, and may

appoint expert witnesses of its own selection. An expert witness shall

not be appointed by the court unless the witness consents to act. A

witness so appointed shall be informed of the witness’ duties by the

court in writing, a copy of which shall be filed with the clerk, or at a

conference in which the parties shall have opportunity to participate.

A witness so appointed shall advise the parties of the witness’ findings,

if any; the witness’ deposition may be taken by any party; and the

witness may be called to testify by the court or any party. The witness

shall be subject to cross-examination by each party, including a party

calling the witness.

The members of the Rule 706 Panel were the following:

Margaret A. Berger, at that time Associate Dean of Brooklyn Law School,

Head of Panel

Joel E. Cohen, Professor of Populations, Rockefeller University

Alan M. Ducatman, Professor of Medicine, West Virginia University

Kenneth G. Manton, Research Professor of Demographic Studies, Duke Uni-

versity

Burton H. Singer, at that time Professor of Epidemiology and Public Health,

Yale University

Eric Stallard, at that time Associate Research Professor of Demographic

Studies, Duke University

The panel’s projections were developed by Stallard and Manton (1993,

1994), with input and review by Cohen. Further internal peer review and

comments on the epidemiological assumptions and statistical/demographic

methods employed were provided by Ducatman and Singer. Additional reviews

and comments on the methods and assumptions were provided by outside

experts advising parties to the Trust class-action suit. Following the final

settlement of the case on December 15, 1994, it was agreed that Stallard,

Manton, and Cohen would be responsible for the present research monograph.

1.8 Project History

From 1982 to 1984, Cohen conducted an independent reconstruction and as-

sessment of uncertainty in Walker’s (1982, edited slightly and reissued as

Walker et al., 1983) model, under a request from the Committee of Unsecured

Creditors in the Manville bankruptcy case. The results of that analysis were

contained in an unpublished report (Cohen et al., 1984).

In 1983, the Congressional Research Service of the Library of Congress

asked Manton to review projections of asbestos-related disease prepared by

Walker (1982) and Selikoff (1981, reissued in 1982). As part of that effort

(see Manton, 1983), Stallard implemented a computer program to replicate
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as closely as possible Walker’s projections of U.S. mesothelioma incidence.

A number of alternative projections were also run to test the sensitivity of

Walker’s model to various assumptions.

In 1991, at the request of Margaret Berger, the Head of the Rule 706

Panel, Stallard and Manton agreed to work with Cohen to evaluate, revise,

and extend their projection model and software to project the number, timing,

and nature of future claims against the Trust using data that had become

available since the time of their first report. Most of these new data came from

two sources: (1) the claim experience of the Trust recorded over its several

years of operation and (2) a national cancer registry system maintained by

the National Cancer Institute. After an extensive review of the epidemiological

literature, it was determined that by updating the data and assumptions used

in the earlier projections, new projections could be made that improved upon

Walker’s, Selikoff’s, and Stallard and Manton’s own prior projections.

In 1992, Stallard and Manton revised and extended the computer model

and software. Those efforts were reviewed in Stallard and Manton (1993). In-

termediate versions of the projection model, software specifications, and drafts

of that report were examined by the other members of the Rule 706 Panel.

The report and a separate executive summary (collectively cited as Stallard

and Manton, 1993) were presented by Stallard and Cohen at a meeting of all

parties in Findley v. Blinken on September 7, 1993 at the Trust offices in New

York.

Stallard and Manton (1993) presented 45 different projections designed

to respond to questions raised at various meetings and in written comments

submitted by Rule 706 Panel members and other reviewers advising the Court

and the Trust. Although it was not feasible to deal with all permutations

of assumptions in the computer model, it was possible to respond to most

questions. Limitations were reviewed at the September 7, 1993 meeting. Some

projection alternatives were included to explore the range of sensitivity of the

model assumptions — even though they represented scenarios judged to be

highly unlikely.

On September 23, 1993, the Resource Planning Corporation (RPC), the

technical advisor to the Trust in its own claim forecasts, issued its report

(RPC, 1993). Preliminary results had been presented by RPC at meetings

open to the Rule 706 Panel members. Although RPC’s purpose was the same

as ours, their projection model was substantially different. Consequently, we

compared results to identify areas of agreement and disagreement and to gain

insight into the specific assumptions responsible for the different results.

Following the September 7, 1993 meeting, Cohen asked Stallard and Man-

ton to further evaluate the joint effects of occupation and date of first expo-

sure to asbestos on the projections. Because different occupations had differ-

ent types, levels, timings, and durations of exposure to asbestos, there was

concern that stratification by occupation might project substantially different

outcomes. Using additional stratifications also provided additional tests of the

established uncertainty bounds for the projections. Although the new projec-
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tions were within the established bounds, there was an unexpected significant

downward shift in the preferred estimate of the total future claims.

These projections were presented in Stallard and Manton (1994), which

was entered into the Court record during Stallard’s testimony on March 15,

1994. Because of the prominent role of occupation and date of first exposure,

these projections provided the framework that combined the approaches of

Walker and Selikoff. The hybrid model depended critically on the assumption

that the Trust’s claim experience over the selected calibration period (1990-

1992) was a scaled-down version of the national mesothelioma experience; that

is, the calibration period was assumed to be characterized by a stable rate at

which injured persons decide to file a claim against the Trust for asbestos-

related damages.

1.9 Results

Our research focused on claims against the Trust arising from the manufac-

turing of and/or exposure to products containing asbestos produced by the

Johns-Manville Corporation. Because Johns-Manville was the largest asbestos

producer — with 25-40% market share — it was generally believed that the

Manville Trust claim projections serve as a reasonable proxy for industrywide

claims (Hersch, 1992). This was important because our projections, which

were based on the most recent claim data, were substantially higher than

most prior projections. For example, when the Trust was created in 1986,

the projected total number of claims (for the period 1988 to 2050) ranged

from 83,000 to 100,000 (Weinstein, 1994, p. 20). In fact, the upper limit of

this range (100,000) was surpassed by claims filed before November 1989. In

January 1992, Lehman Brothers projected that there would be 210,000 future

claims filed industrywide, in addition to their estimated 210,000 claims filed

up to that date, based on Selikoff’s results (Hersch, 1992). Our count of the

number of valid claims filed through 1991 against the Manville Trust alone

was 16.5% lower (i.e., 175,000), but our preferred projection of the number

of future claims against the Manville Trust alone was about 63% higher than

the 1992 Lehman Brothers projection for the entire industry.

Forecasts of the timing and nature of claims are as important as forecasts

of the total number of claims in determining the fiscal liability they represent.

Different types of disease are awarded different monetary amounts. Because

the Trust was insufficiently funded to carry out its mandate, a ruling was

issued in July 1990 preventing any additional payments by the Trust until

a fair, adequate, and equitable method of compensating bona fide beneficia-

ries could be implemented that reflected the interests of current and future

claimants. Such a distribution mechanism was approved in December 1994,

with the Trust paying claims at a pro rata rate of $0.10 on the dollar (Wein-

stein, 1994). This rate was believed to be conservative and could have been
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increased to as high as $0.134 in the future, with supplemental payments for

prior settlements.

By the middle of the 21st century, we projected that the Trust would ac-

cumulate 517,000 claims for asbestos-related disease/injury, due to exposures

occurring before 1975. About 194,000 claims were filed by the end of 1992.

The remaining 323,000 were projected to be filed at the rate of 18,000 per

year in 1993-1994, 16,000 per year in 1995-1999, and continuing at a declining

rate throughout the first half of the 21st century. At an average estimated

total cost of $120,000 per claim, these projections implied a total liability of

about $62 billion; if legal defense fees were added, the total cost could ap-

proach $75-90 billion. The Trust’s share was projected at $34.4 billion, with

a present value in 1994 of about $16.0 billion, under our preferred projection

(Lederer, 1994). With assets valued in the range $1.8-2.5 billion in 1994, it was

obvious that the Trust could not pay 100% of its share. These considerations

supported the decision to set the initial pro rata rate at $0.10 per dollar.

The Trust settlement recognized the need to monitor future claim expe-

rience. At least every 3 years, and as often as necessary, the Trust had to

reestimate the value of its total assets and its total liabilities to determine

if the pro rata distribution rate should be revised. By comparing the actual

versus projected number and nature of claims early in the forecast period,

the Trust could ensure that it would not be subject to an unanticipated rapid

depletion of its assets. Thus, the generation of a set of projections was not a

once-and-for-all undertaking.

The pro rata distribution rate was held fixed at $0.10 per dollar through

the first 6 years following the settlement. However, by early 2001, it became

apparent that changes in the external litigation environment were highly un-

favorable. On June 19, 2001, the Trust decided to reduce the rate to $0.05

per dollar (Austern, 2001). On August 28, 2002, the Trust announced that it

was implementing a revised payment process that addressed the changes in

the numbers and types of claims being filed.

Changes in the external asbestos litigation environment had implications

that reached far beyond the Johns-Manville case.

At the end of 1982 (the year of the Johns-Manville bankruptcy), about 300

U.S. companies had been named as defendants in asbestos-related personal

injury claims filed by 21,000 distinct claimants; by the end of 2000, about

6000 U.S. companies had been named in similar claims filed by about 600,000

claimants; and by the end of 2002, about 8000 U.S. companies had been named

in similar claims filed by about 750,000 claimants (Carroll et al., 2002, p. 51;

Associated Press, 2003).

By the end of 2000, at least one company from each major U.S. industry

was a defendant in asbestos litigation (Carroll et al., 2002, p. 49).

The number of named defendant companies increased from an average of

20 per claimant in the early 1980s to 60-70 per claimant by the mid-1990s

(Carroll et al., 2002, p. 41).
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At the end of 2002, about 250,000 claims were pending in the federal and

state court systems (Netherton and Harras, 2003).

At the end of 1982, four companies had filed for bankruptcy due to asbestos

claims. By the end of 1994, this number had increased to 27-29 companies;

by the end of 2000, to 43 companies; and by the end of 2002, to 65 companies

(Biggs, 2003). Carroll and Hensler (2003) reported similar but not identical

counts of bankrupt companies, with a cumulative total of 67 companies by

the end of 2002. Both reports were constructed so that a bankrupt parent cor-

poration and all bankrupt subsidiaries of the same parent corporation would

be tallied only once in the count.

Some companies tried to avoid bankruptcy by negotiated settlements

with legal representatives of present and future claimants. However, the U.S.

Supreme Court (1997, 1999) rejected negotiated global settlements in two

high-profile cases (Amchem Products Inc. v. Windsor, June 25, 1997; and

Ortiz v. Fibreboard Corp., June 23, 1999), stating that “this litigation defies

customary judicial administration and calls for national legislation.”

Bills to establish such uniform national procedures for asbestos-related

personal injury claims were introduced in the U.S. Congress in May 1998

and again in March 1999, with public hearings in July and October 1999. An

amended form of the House bill was reported back to the House of Represen-

tatives in July 2000 with little chance of further consideration.

Hearings were restarted in the Senate in September 2002 and March 2003.

During February-May 2003, five separate bills were introduced in Congress to

provide for “fair and efficient” resolution of asbestos-related personal injury

claims. Although the details of these bills differ substantially, the chance of

resolution of asbestos litigation through national legislation increased as these

bills were considered.

The legal principles under which liability is determined in the United

States permit part of the liability of insolvent defendants to be assigned to

other defendants. Thus, the upward revision of the total liability of any one

insolvent defendant implies a downward revision of their payout rate and an

upward revision of the liability of the remaining solvent defendants. To the

extent that Manville Trust claims are a proxy for industrywide claims, our

projections implied an upward revision in the number of claims against every

other asbestos defendant and, more importantly, an upward revision to both

the number of claims and the share of liability for all solvent defendants. This

effect could be magnified in future years given the recent increases in claim fil-

ings against the Trust and the increasing frequency at which solvent asbestos

defendants are currently seeking Chapter 11 bankruptcy protection.

Given the number and cost of claims projected, the number of companies

affected, and the long time period during which claims will be filed, similar

analyses will most probably be needed for other asbestos defendants or for

other nonjudicial approaches to asbestos compensation.

Our models are most directly applicable to the forecasting needs of compa-

nies currently undergoing reorganization under Chapter 11 of the U.S. Bank-
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ruptcy Code, especially in cases where a trust similar to the Manville Trust,

as described in Section 524(g)(2)(B) of the U.S. Bankruptcy Code, is estab-

lished. However, our models can also be used by solvent companies to estimate

their future liabilities and establish reserve funds to meet those claims. Our

analyses supported the conclusion that the Manville Trust claim experience

was a scaled-down version of the entire asbestos industry, so that our models

can also be adapted to forecast industrywide asbestos liability.

1.10 Organization of Monograph

The monograph has 10 chapters. Chapters 2-5 provide background on asbestos

epidemiology and modeling that supports the main analyses of the Manville

Trust data in Chapters 6-9.

Chapter 2 reviews epidemiologic studies of the health risks of asbestos.

Chapters 3 and 4 present detailed assessments of the models used by Selikoff

(1981) and Walker (1982) — models that provide conceptual building blocks

for our work. In both models, the disease incidence functions are derived from

the same epidemiologic analyses of North American insulation workers. The

projections in Chapter 3 are based on direct estimates of past exposure to

asbestos, by age, date, and occupation. The projections in Chapter 4 are based

on indirect estimates of past exposure by age and date, but not occupation.

The latter projections were the basis of the original settlement of the Johns-

Manville bankruptcy case, in part because Walker included asbestosis in his

projections, whereas Selikoff did not. Chapter 5 presents sensitivity analyses

of Walker’s projections and their evidentiary bases, as reviewed in Manton

(1983) and Cohen et al. (1984).

Chapter 6 presents a projection model based on indirect estimation of past

exposure which performed well on the more reliable and more extensive claim

database from the Manville Trust available to the Rule 706 Panel. This model

was the basis of Stallard and Manton’s (1993) report to the Court. Chapter

7 presents sensitivity analyses of this model and establishes plausible bounds

to the uncertainty of the projections.

A limitation of the indirect estimation model is its inability to deal explic-

itly with depletion of the population eligible to file a claim due to prior claim

filing. If the eligible population is large compared to the number with prior

claims (say, at least 20 times larger), then this effect likely can be ignored.

Otherwise, alternative models should be considered. Chapters 8 and 9 present

the results of a hybrid model that uses elements of both the direct and indirect

estimation approaches. The impact of depletion of the eligible claim popula-

tion was unexpectedly large and resulted in a significant downward shift in

the preferred estimate of the total future claims. This model generated the

projections that the Rule 706 Panel found most credible and was the basis

of Stallard and Manton’s (1994) report to the Court. The model employed
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indirect estimation of past exposure for occupational groups defined by Se-

likoff, using his estimates of relative risk and average duration of exposure

for those groups. A hybrid model could be estimated because information on

occupation was recorded in the Manville Trust files for individuals filing a

claim. The analyses in Section 6.8 showed that claim projections based on the

Trust claims for mesothelioma are essentially the same as claim projections

based on national estimates of mesothelioma incidence, using cancer registry

data collected by the National Cancer Institute. The sensitivity analyses in

Chapter 9 are similar to those in Chapter 7 — primarily scenario testing with

parameters set at their plausible extremes.

Chapter 10 compares the projected Trust experience for the periods 1990-

1994 and 1995-1999 with the observed experience. These comparisons provide

further insight into the modeling and forecasting, given that 5 years was suf-

ficient for the vagaries of the claim filing and Trust distribution processes to

emerge. Consideration is given to issues involved in new applications of these

methods and results in forecasts of asbestos-related injuries, including the

impact of recent changes in the external litigation environment.

Throughout the monograph, we stress the iterative nature of model build-

ing and the uncertainty generated by lack of complete knowledge of the injury

and litigation processes.





2

Epidemiology of Asbestos-Related Diseases

2.1 Introduction

Forecasts of asbestos-related diseases typically rely on epidemiological studies

that establish the connection between asbestos exposure in the workplace and

disease. These studies report increased risks of cancer among workers who

have been exposed to asbestos. In particular, lung cancer and mesothelioma

risks are increased. Asbestos workers are also at risk of contracting noncancer

diseases such as asbestosis, a pulmonary disease characterized by fibrosis and

caused by protracted inhalation of asbestos particles. Experimental animal

studies have described the physiological mechanisms that account for the re-

lationship between asbestos exposure and these illnesses (Roggli and Brody,

1992).

The Occupational Safety and Health Administration (OSHA) began set-

ting permissible exposure limits (PELs) on the amount of asbestos in the

workplace environment in 1971. In May 1971, the PEL was set at 12 fibers

per milliliter (f/ml). In December 1971, this was reduced to 10 f/ml, with

an 8-hour time-weighted average (TWA) PEL of 5 f/ml. In July 1976, the

8-hour TWA PEL was reduced to 2 f/ml; in July 1986, to 0.2 f/ml; and in

October 1995, to 0.1 f/ml — the current PEL. In conducting air monitoring

under these standards, OSHA (e.g., 1986, p. 22,739) mandated that asbestos

exposure samples must be collected on mixed cellulose ester filter membranes,

that fiber counts must be made by positive phase-contrast optical microscopy

at a total magnification of 400×, and that the count must include fibers with
a length of 5µm or greater and an aspect ratio (length-to-width ratio) of 3:1

or greater.

Environmental studies have established that historical workplace expo-

sure concentrations of airborne asbestos fibers for many workers exposed to

asbestos were 1000-100,000 times higher than the nonoccupational or environ-

mental exposures faced by the general population (EPA, 1986, p. 162). This

differential explains why most epidemiological studies of asbestos-related dis-

eases focus on or identify workers with high levels of asbestos exposure and

17
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why most claims against the Manville Trust and other asbestos defendants

are based on occupational exposures. Such claims are generally limited to oc-

cupational exposures because the proof of claim must identify exposure to the

defendant’s asbestos products and this is most easily done for the workplace

environment where specific brand-name asbestos products were well known to

the workers. In contrast, in the case of disease due to environmental exposures

to low levels of asbestos in the ambient air, it would be difficult to identify

Johns-Manville or any other asbestos defendant as the source, and the low

levels of asbestos fiber content in the lungs following such exposures would

make it difficult to confirm that asbestos was the causal agent.

These considerations lead us to expect occupational exposures to account

for virtually all of the claims against the Manville Trust. Thus, forecasting the

number, timing, and nature of future claims against the Trust requires that

we can forecast these same factors for persons who were exposed to asbestos

in the workplace, and this requires a firm understanding of the epidemiology

of asbestos-related diseases.

In this chapter, we examine a range of epidemiological studies, including

those used by Walker (1982) and Selikoff (1981, reissued in 1982) in their

projections. This review will be conducted in five parts. First, we discuss

design and data quality issues that are specific to epidemiological studies of the

occupational health hazards of asbestos. Second, we review studies of health

risks of occupational exposures to asbestos. Third, we examine the variation in

estimates of the relation of disease to the level of asbestos exposure produced

in different studies. Fourth, we consider evidence on the effects of different

types of asbestos fiber on different disease risks. Fifth, we consider evidence

on the potential role of simian virus 40 as a causative agent and cocarcinogen

with asbestos in inducing human mesothelioma.

2.2 Design Issues in Studying Occupational Exposure

There are two main types of epidemiological study: the prospective cohort

study and the retrospective case-control study. The interpretation of the re-

sults of a specific study requires that we know whether the study is of the

cohort or case-control type and are aware of issues in applying each type of

design to the health outcomes, exposure factors, and populations of interest

(Liddell et al., 1977). The use of epidemiologic data in projections must be

consistent with the properties of data determined by the study design and the

particular characteristics of the study population and its exposure.

The first design involves collecting data prospectively on a cohort of work-

ers followed over a period of time. The essential characteristic of this design

is that a group of persons (the “cohort”) is identified on the basis of some

exposure of interest and followed to determine when and how many of them

become ill.
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In the retrospective case-control design, the researcher starts with a group

of people who are afflicted by the disease (the “cases”). A second independent

group is also selected from the population of persons who do not manifest the

disease. This second group is selected to match certain characteristics of the

cases. Consequently, it is referred to as the “control” population. Typically,

cases and controls are “matched” on the basis of selected factors (e.g., age, sex,

and smoking) to account for the effects of the variables used in matching. The

goal is to identify differences in the distribution of exposure factors between

those with and without the disease. People who do and do not have the disease

are compared to see if the group with the disease has a higher exposure to a

suspected cause even when other factors are taken into account.

2.2.1 Measures of Risk

The underlying logic of the two approaches can be clarified with a sim-

ple numerical example. Consider the following two-way table generated from

prospective follow-up of two cohorts:

Outcome

Cohort Disease No Disease Total

High Risk 100 10,000 10,100

Low Risk 10 100,000 100,010

Total 110 110,000 110,110

The probabilities of the disease in the two cohorts are estimated as

PrH(D) = 100/10,100 = 0.009901,

PrL(D) = 10/100,010 = 0.000100,

and the relative risk as

RR = PrH(D)/PrL(D) = 99.01,

or 99.01 to 1. Relative risks are often approximated by the odds (cross-

product) ratio:

OR =
100× 100,000
10× 10,000 = 100,

or 100 to 1. The odds ratio provides the essential link between the two study

designs. Consider the following two-way table generated from retrospective

case-control sampling of the outcomes above:

Outcome

Cohort Case=Disease Control=No Disease Total

High Risk 100 10 110

Low Risk 10 100 110

Total 110 110 220
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Here, 100% of the cases are retained, but only 0.1% of the controls (people

with no diseases). For simplicity, we assumed that the relative distribution

of the controls in the sample was identical to the original table, so that the

selection of controls is independent of the indicator of high-low risk. In addi-

tion, we assumed that each case was matched with one control. We compute

the odds ratio as

OR =
100× 100
10× 10 = 100,

which is the same as earlier. The odds ratio is the same no matter how many

controls are sampled if controls are sampled independently of the indicator of

risk. Cases may also be sampled independently of the indicator of high-low

risk without changing the odds ratio.

The case-control design does not permit calculation of the disease proba-

bilities PrH(D) or PrL(D), because the row totals are arbitrary functions of
the number of controls selected to match each case. For example, with two

controls for each case the above table becomes

Outcome

Cohort Case=Disease Control=No Disease Total

High Risk 100 20 120

Low Risk 10 200 210

Total 110 220 330

Here, the row total depends on the sampling fraction. However the odds ratio,

OR =
100× 200
10× 20 = 100,

is the same as earlier. The odds ratio approximates the relative risk if the

disease outcome is rare; however this cannot be confirmed from the case-

control data.

A related concept is that of the attributable risk — the fraction of the

disease that can be uniquely attributed to the risk factor. Fleiss (1981) defined

this fraction as

AR = [PrH(D) · Pr(H)− PrL(D) · Pr(H)]/Pr(D)
=

Pr (H) [RR− 1]
1 + Pr (H) [RR− 1] .

The second expression derives from Fleiss (1981, p. 76, Eq. 5.76). Here, Pr (H)
is the marginal probability of exposure to the “high risk,” and Pr (D) is the
marginal probability of manifesting the selected disease. Continuing the above

numerical example,

Pr (H) = 10,100/110,110 = 0.09173,

Pr (D) = 110/110,110 = 0.0009990,



2.2 Design Issues in Studying Occupational Exposure 21

and

AR =
0.09173× 98.01
1 + 0.9173× 98.01 = 0.900.

Fleiss (1981, p. 94) provided an alternative expression for retrospective

data:

AR =
PrD(H)− PrND(H)

1− PrND(H)
,

where PrND(H) is the probability of “high-risk” exposure in the No-Disease
group, where it is assumed that (a) Pr (D) is low enough that OR ≈ RR
and (b) the control group (ND = No Disease) is a random sample of the ND

population.

Continuing the above numerical example,

AR =
100
110 − 10

110

1− 10
110

= 0.900.

The identical result obtains in the example with two controls per case.

In these examples, 90.0% of the disease outcomes are attributable to the

risk factor associated with the high-risk cohort. This may be compared with

estimates that 85-90% of lung cancers are attributable to cigarette smoking

(Roggli et al., 1992b, p. 325) and that 85% of mesotheliomas among men (23%

among women) are attributable to asbestos exposure (Spirtas et al., 1994).

Two other calculations are important. First, the attributable risk in the

high-risk cohort is the fraction of the disease in that cohort uniquely attributed

to the risk factor:

ARH = [PrH(D)− PrL(D)] /PrH(D)
= [RR− 1] /RR,

so that based on the above example,

ARH = 98.01/99.01 = 0.990,

which shows that virtually all disease in the high-risk cohort is due to the risk

factor. Later, the assumption that all mesotheliomas among asbestos workers

is due to asbestos exposure will be justified as an approximation based on

ARH values close to unity.

Second, the relationship between AR and ARH is

AR = ARH · PrH(D) · Pr(H)/Pr(D)
= ARH · PrD(H)
≈ PrD(H)

when ARH is close to unity, where PrD(H) is the probability of high-risk
exposure among persons manifesting the disease. In the above example,
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PrD(H) =
100

110
= 0.909,

which is just 1% higher than the above AR estimates. This approximation can
be used in retrospective analyses of occupational exposure to asbestos among

mesothelioma cases to estimate the risk fraction attributable to this exposure

route.

The distinction between AR and ARH is important when reviewing epi-

demiological analyses in the context of product liability modeling. The popu-

lation focus of epidemiology leads to consideration of AR (and RR) to measure
risk and to guide primary prevention activities. The targeted subpopulation

focus of product liability modeling leads to consideration of ARH as a funda-

mental risk measure for the cohort or group designated by “H”. The inequality

AR < ARH may yield vastly different estimates of attributable risk. For exam-
ple, Roggli et al. (1992b, p. 325) indicated an AR of about 2% for lung cancer
in the United States attributable to asbestos exposure. In contrast, results

from Hammond et al. (1979; see Section 2.3.1c) imply an ARH of about 80%

for insulation workers, with no differences between smokers and nonsmokers.

Other occupations with lower levels of asbestos exposure would have ARH
values in the range 2-80%. McDonald et al. (1980; see Section 2.3.4) found

differences in relative risks of smokers among chrysotile miners and millers

in Quebec that implied ARH values ranging from 50% to 90% for smokers

and nonsmokers, respectively, supporting arguments that the lower compen-

sation offered to smokers by the Manville Trust for lung cancer injuries among

asbestos-exposed workers is justified (Weinstein, 1994).

2.2.2 Design Issues

Each type of study has its advantages. The cohort design is not subject to

conscious or unconscious biases in criteria for participation in the study to

the same degree as the case-control design because disease outcomes are not

known ahead of time in cohort studies. The results of cohort studies can

be expressed in terms of population incidence rates and the absolute risk

attributed to a given level of exposure can be evaluated for a target population.

The effects of competing risks on the duration of exposure must be con-

sidered in cohort studies because termination of exposure may be associated

with the diseases under study (Liddell et al., 1977). An inaccurate assessment

of the risk of an exposure may result precisely where those risks are highest.

If the risks from exposure are high, no one may live long enough to achieve a

long duration of exposure. As a consequence, there may be little evidence of

an increase in risk with longer exposure. Furthermore, the total duration and

intensity of exposure are often not known until the exposure has ended.

The case-control method has several advantages over the cohort approach,

perhaps the most important being its lower cost. This is because the cohort

design may require a very large cohort to get adequate numbers of affected
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persons. The case-control method can also explicitly control for sources of

variation such as age or sex through matching on the appropriate variables.

A disadvantage of the case-control method is that incidence rates and dose-

response functions cannot be estimated.

Liddell et al. (1977) identified six design issues for prospective cohort

studies:

First, is the cohort grouped into appropriate exposure categories?

Second, has one selected an appropriate population for comparison as a

standard? Such “standard” populations may be either external (e.g., state or

national populations) or internal (e.g., groups of nonexposed workers).

Third, is the duration of exposure appropriately measured? The study

interval over which duration of exposure is measured should start at the same

point relative to entry to employment for each subject in the study. The

definition of study interval becomes problematic when follow-up is continuous

and the duration of exposure for a worker changes over the course of the study.

Fourth, is the measure of health outcome appropriate (e.g., is the rate of

onset or the frequency of death from the disease of interest assessed against

some index of the size of the population at risk)? The measure most gen-

erally accepted is based on person-years of observation (i.e., the number of

years each person in the study remains disease-free). The number of cases

of disease expected if there is no effect of exposure is calculated by applying

incidence/death rates specific to age, year, and disease from the standard pop-

ulation to the corresponding numbers of person-years lived, by age and year,

in the study cohort, where person-years for individual cohort members are ac-

cumulated from the start of the study to the point at which incidence/death,

loss from follow-up, or the end of the study occurs.

Fifth, has one selected an appropriate summary measure of the cohort mor-

bidity/mortality experience and an appropriate statistical model to determine

the quantitative relation between the duration of exposure and the measure

of morbidity/mortality? The summary measure most often employed is the

standardized mortality ratio (SMR). The SMR is the ratio of two quantities.

The first is the observed number of deaths at all ages in the study population.

The second is the number of deaths expected to occur if their age-specific

mortality rates were the same as those in the standard or unexposed pop-

ulation. Thus, the ratio of the observed to the expected number of deaths

indicates whether the exposure has increased the risks of the study popula-

tion (i.e., SMR > 1.0), whether it has no effect (SMR = 1.0), or whether
the frequency of death is smaller in the exposed population (SMR < 1.0).
The SMR is frequently multiplied by 100 to express the observed number of

deaths as a percentage of the expected number. When the SMR is less than

100%, epidemiologists often search for factors which might cause only healthy

persons to be drawn into the exposed population. This actually happened in

Selikoff et al.’s (1979) study of asbestos insulation workers.

Sixth, are subcohorts properly defined? They should be as follows:
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• Mutually exclusive and comprehensive

• Approximately equal in size

• Large enough to produce stable estimates of morbidity/mortality

• Small enough to be fairly homogeneous

• Detailed enough to provide estimates of a dose-response relationship (usu-

ally at least three categories of exposure are required)

Liddell et al. (1977) raised a different set of design issues for retrospective

case-control studies. The most critical issue is whether an appropriate non-

exposed control group has been selected. For example, in studying exposure

characteristics of persons with mesothelioma, it would be inappropriate to se-

lect a control group of farmers (i.e., a population with little or no exposure to

industrial concentrations of chemical dusts or vapors in a closed work environ-

ment). In the McDonald and McDonald (1980) study of mesothelioma deaths

(to be reviewed in Section 2.3.2), the control group consisted of persons who

died in the same hospital as the mesothelioma cases and who had pulmonary

metastases from nonpulmonary primary tumors (i.e., the primary site of their

disease was not the lung, but the disease had spread secondarily to the lung).

Controls should be as similar as possible to cases except for manifestations of

the disease under study.

After selecting an appropriate control group, two further issues must be

addressed. First, a strategy is needed for matching cases and controls. Once

the control population is identified on the basis of some characteristic which

all controls must possess, each case must be paired with a control so that

they are matched as closely as possible on factors that may be relevant to

disease risks (e.g., age and sex). Because it is difficult to find an exact match

on certain variables, auxiliary analyses may be required to make the matches

as similar as possible.

Second, there can be gains in relative efficiency when more than one control

is selected for each case. This may be necessary when the number of cases is

small, and, in general, is a way of increasing statistical power.

Finally, one may select one of two basic approaches to analyzing case-

control data. The first approach (e.g., Miettinen, 1969) analyzes the data in

tabular form. Alternately, hazard-rate regression strategies have been devel-

oped for analyzing case-control data (e.g., Prentice and Breslow, 1978). An

important difference between the two strategies is that hazard-rate regression

permits the use of continuous variables in the analysis.

2.3 Studies of Health Risks of Occupational Exposures

In this section, we review studies of the health risks of occupational exposures

to asbestos that can be used in developing projections.
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2.3.1 Health Risks of a Cohort of Insulation Workers

Occupationally Exposed to Asbestos

The first study, described by Selikoff et al. (1979) and extended by Selikoff and

Seidman (1991), contains what Walker (1982, p. 18) argued to be the most

extensive and complete data on the health risks of high levels of occupational

exposure to asbestos. This study is based on the mortality experience of two

groups of U.S. and Canadian insulation workers:

• A cohort of 632 asbestos insulation workers in the New York-New Jersey

metropolitan area registered as members of the International Association

of Heat and Frost Insulators and Asbestos Workers as of January 1, 1943,

who were followed from January 1, 1943 to December 31, 1962

• A cohort of 17,800 members of the International Association of Heat and

Frost Insulators and Asbestos Workers union who were listed as members

on January 1, 1967, who were followed from January 1, 1967 to December

31, 1976.

The 17,800 insulation workers followed from 1967 to 1976 yielded the most

extensive data on the health implications of occupational exposure to asbestos.

That cohort suffered 995 cancer deaths, including 486 from lung cancer and

175 from mesothelioma, and 168 deaths from asbestosis. Selikoff and Seidman

(1991) extended the follow-up to December 31, 1986, with a 20-year total of

2295 cancer deaths (1168 lung; 458 mesothelioma) and 427 asbestosis deaths.

The extended follow-up data are used in Chapter 7 in our sensitivity analysis

of the updated forecasts.

All workers in both cohorts were on the active union enrollment list on the

date of start of follow-up. Thus, the onset of exposure to asbestos occurred at

some earlier date, and this date was recorded and included in the calculation

of time from first exposure to onset of asbestos-related disease. The duration

of employment in an asbestos-related job was not reported for these cohorts.

In the following, we will describe the experience of the 17,800 member cohort

over the periods 1967-1976 and 1977-1986. The results are summarized in

Table 2.1.

2.3.1a Basic health effects

Selikoff et al. (1979) found a considerable delay between the start of the ex-

posure and the time at which the disease was diagnosed. They concluded that

a person would have to be observed for at least 20 years before the adverse

health effects of exposure could be reasonably expected to be manifest.

They further argued that for up to 20 years after the first occupational

exposure to asbestos, a “healthy worker” effect kept any adverse health effects

from being noticed. Persons who were accepted for employment were selected

for good health. They did not find significant excesses in total mortality un-

til 20-34 years after the start of occupational exposure to asbestos. For this
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time interval from first exposure, they calculated that there were increased

relative risks of death for all types of cancer (SMR > 1), except mesothe-
lioma. The reason for not calculating relative risks for mesothelioma deaths

was that Selikoff viewed mesothelioma as a “signal” disease (Selikoff, 1981,

p. 26) whose presence is prima facie evidence for asbestos exposure. Thus, no

mesothelioma would be expected in an unexposed population, and the SMR

would be undefined.

Selikoff et al. (1979) also argued that the expected number of mesothelioma

deaths cannot be computed for the general population because mesothelioma

is not a distinct category in the various revisions of the International Classi-

fication of Diseases (ICD). However, it would have been possible to calculate

an expected value from either the Third National Cancer Survey (TNCS),

1969-1971, or from the Surveillance, Epidemiology, and End Results Program

(SEER), 1973 onward (see Hinds, 1978).

Selikoff et al. (1979) also found that, except for mesothelioma and asbesto-

sis, the death certificate diagnoses of asbestos-related diseases were reasonably

accurate. Death certificate diagnoses in the study cohort were generally con-

sistent with diagnoses based on the “best available” evidence (i.e., in order of

preference: autopsy findings, pathological information derived from surgical

evidence, and clinical and roentgenological observations made during life). In

the absence of any additional medical evidence, findings were based only on

death certificates. This occurred in only 28 of 995 cancer deaths.

All 175 diagnoses of mesothelioma were supported by autopsy or surgical

findings. This was particularly important because only 104 of the 175 mesothe-

lioma cases were correctly diagnosed on the death certificate. Mesothelioma

was so poorly reported on the death certificate because it was not an explicit

diagnostic entry in the ICD. Many cases of mesothelioma were also diagnosed

as other types of neoplasia; in particular, 15 of 49 pancreatic cancer cases were

reassigned to mesothelioma upon review of the best medical evidence.

Asbestosis also was not well diagnosed on the death certificate. Only 78

cases were identified on the death certificate; 168 cases were identified from

the “best evidence.”

The primary substantive result from this study was the determination of

the risk of a wide range of diseases for a heavily exposed occupational cohort.

The results for 1977-1986 were based on 134,740 person-years of observation

for the 15,529 survivors over the second 10-year period.

The results for 1967-1976 were based on 166,853 person-years of observa-

tion for the 17,800 asbestos insulation workers over the first 10-year period.

At the onset of observation in 1967, most men were below age 40 (10,101 of

17,800) and most had not yet been followed for 20 years from the time of

their first occupational exposure to asbestos (12,683 of 17,800). By the end

of the first observation period in 1976, 12,051 men had been observed for 20

or more years after their first exposure. Over the first observation period,

there were 89,462 person-years of exposure at less than 20 years after the

start of insulation employment (presumed onset of asbestos exposure) and
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77,391 person-years of exposure 20 or more years after the start of insulation

employment. Significant numbers of excess deaths were noted for total mortal-

ity, asbestosis, total cancer mortality, mesothelioma, lung cancer, esophageal

cancer, cancer of colon and rectum, cancer of the larynx, oropharynx, and

buccal cavity, and kidney cancer. Stomach cancer had marginally significant

elevation in the first 10-year period but not in the full 20-year period (Selikoff

and Seidman, 1991). Cancers of the pancreas and gallbladder/bile ducts had

significant elevations in the full 20-year period but not in the first 10-year

period (Selikoff and Seidman, 1991).

For our analyses, we retabulated Selikoff’s detailed tables to show the

relative risks for lung cancer, mesothelioma, colon/rectum cancer, and a com-

bined category representing the larynx and upper digestive tract (buccal cav-

ity and oropharynx, and esophagus). These four specific cancer categories

corresponded to the compensable categories recognized by the Manville Trust

during 1995-2002, except that the Trust dropped buccal cavity but accepted

all types of pharyngeal cancer, not just the oropharynx site (Weinstein, 1994);

additionally, the Trust began paying for stomach cancer claims in January

2003 (Weinstein, 2002). A residual category was defined for all other can-

cers, including cancers of the stomach, pancreas, kidney, and gallbladder/bile

ducts.

Table 2.1 presents the retabulated summary counts for observed and ex-

pected deaths for the major cancer and noncancer diseases associated with

asbestos exposure, stratified by observation period. For 1967-1976, almost

half (46.4%) of the person-years of observation were 20 or more years after

first exposure; for 1977-1986, most (81.5%) were 20 or more years after first

exposure.

The SMRs for the second observation period reflect the joint impact of

longer times since first exposure and older attained ages. The SMRs (best ev-

idence) increased for all causes of death and for all noncancer causes, decreased

slightly for lung cancer, and dropped sharply for colon/rectum cancer, cancer

of the larynx and upper digestive tract, and all other cancers. The absolute

death counts increased sharply for mesothelioma and asbestosis, diseases for

which an SMR was not defined. The SMRs for noncancer causes other than

respiratory diseases (primarily asbestosis) were 83% and 86%, respectively,

indicating that these workers were generally healthier than the standard ref-

erence population of U.S. white males over the period 1967-1986. The impact

of lung cancer, mesothelioma, and asbestosis is evident in both observation pe-

riods. The impact of cancer of the larynx and upper digestive tact is relatively

much lower, although still significant.

For the second period (but not the first), under the best evidence criterion,

the SMRs for colon/rectum cancer and all other cancers were not significantly

elevated. This loss of significance was not noticed by Selikoff and Seidman

(1991) but it is consistent with Greenberg and Roggli’s (1992) conclusion that

the evidence for increased risk is inconclusive for colon/rectum cancer and

several other cancer sites (i.e., pancreas, stomach, and kidney). Nonetheless,
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claims for colon/rectum cancer are compensable under the Trust Distribution

Process (TDP) (Weinstein, 1994).

2.3.1b Time to onset of disease

The 10-year follow-up data for 1967-1976 were evaluated in a second article

(Selikoff et al., 1980). A more detailed examination of the increase in inci-

dence of asbestosis, mesothelioma, and lung cancer with time since onset of

occupational exposure to asbestos confirmed that there was little increase in

deaths before 15 years from onset of exposure. Beginning at 15-19 years from

onset of exposure, there was a superlinear (i.e., accelerating) increase in the

absolute risks of death from mesothelioma, asbestosis, and lung cancer. The

lung cancer risks turned to sublinear (i.e., decelerating) increases at 30-35

years, a point at which their relative risks (i.e., compared to the expected

risks in the U.S. white male population) peaked at a ratio of 6.1 to 1.0. As-

bestosis risks exhibited a downturn at 45-59 years after onset of exposure,

but this was reversed at 50+ years (with 73 deaths) in the 20-year follow-up

data of Selikoff and Seidman (1991). Mesothelioma risks turned to sublinear

increases at 40-44 years, but this also was reversed in Selikoff and Seidman

(1991), where a peak was found at 45-49 years and a decline at 50+ years.

These reversals in the trends at the longest time intervals from first ex-

posure suggest that there may be an interaction between date of initiation of

exposure and time since onset of exposure. This could result if the type or

amount of exposure changed over time. For example, Selikoff et al. (1979, p.

92) noted that only one type of asbestos (chrysotile) was used in the United

States until the early 1940s, when a second type (amosite) became much more

common. This could account for anomalies in the risk functions above 40 years

since first exposure in the 1967-1976 follow-up. In addition, with 10 or 20 years

follow-up, person-years of exposure at the longest durations are about one-

tenth those of the shorter durations and are not for the same people. Selection

effects may be operating on these groups (e.g., effects of cohort differences in

cigarette smoking).

These results indicate that data for at least 40 years after first exposure

are necessary for the full health implications of asbestos exposure to become

manifest.

2.3.1c Impact of cigarette smoking on asbestos-related disease

A third study of the 1967-1976 follow-up data (Hammond et al., 1979) is

the primary source of our current understanding of the effects of smoking on

asbestos-related mortality. In this study, attention was restricted to the 12,051

men who, by 1976, had at least 20 years elapsed since onset of occupational

exposure. This provided 77,391 person-years of observation. The average age

during observation was 53.8 and the number of deaths observed was 1946.
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Of the 12,051 men in the study, 8220 answered the smoking questionnaire, of

whom 83% were current or ex-smokers.

This study had data that allowed the authors to select a control group

where smoking history was available. Because smoking was not recorded on

death certificates, national vital statistics were not suitable for this task. For-

tunately, data from a prospective American Cancer Society (ACS) study, be-

gun in 1959, of over one million persons were available. These persons were

traced through September 30, 1972. Smoking information was recorded. From

this group, a subset of 73,763 male subjects was selected as a comparison

population who were white, not farmers, had no more than a high school

education, and had a history of occupational exposure to dust, fumes, va-

pors, gases, chemicals, or radiation. It was expected that this group was likely

to be physically active (to match the physical activity required by insulation

work). Because deaths were observed for the control group only through 1972,

the experience of the controls was extrapolated from cause-specific mortality

changes observed in the national population over the period 1972-1976.

The number of deaths expected in the study population based on the

mortality experience of the control group was calculated in two ways. First,

the mortality rates from the ACS study were applied to the person-years of

insulation workers to calculate an expected number of deaths. Second, the

mortality rates of the U.S. white male population were applied to the person-

years of insulation workers to calculate another expected number of deaths.

The calculation of the expected number of deaths using the ACS study was

the preferred method because education, work activity, and smoking could be

controlled in those computations.

Hammond et al. (1979) found significant excess mortality among insulation

workers for all causes of death and for cancer from all sites when compared

to the mortality expected using either standard population. Among deaths

due to specific types of cancer determined from the best medical evidence,

cancers of the lung, larynx, buccal cavity and oropharynx, esophagus, and

colon/rectum were found to be significantly elevated, with smoking controlled,

when compared to the mortality experience of the ACS population.

Another comparison was between smoking and nonsmoking insulation

workers. For insulation workers, smoking elevated both the risk of total mor-

tality and the risk of lung cancer. Insulation workers who were current heavy

smokers had a lung cancer mortality risk 10.4 times greater than expected

on the basis of the nonsmoker insulation worker mortality rates. The level of

risk was lower if a person had quit smoking more than 5 years previously.

Thus, the lung cancer risk was greatly increased among insulation workers

who smoked.

Fewer data were available to assess risks of death from other diseases

among insulation workers who smoked, so only a few general observations

were made. First, the risk of asbestosis mortality was 2.8 times higher among

smoking insulation workers than expected from the mortality experience of

nonsmoking insulation workers. Of the insulation workers who never smoked
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regularly, none died of cancer of the esophagus, larynx, or buccal cavity and

oropharynx. This was interpreted as evidence that asbestos exposure, in the

absence of smoking, may have no effect on the risks of these diseases.

Next, insulation workers who were smokers were compared with nonsmok-

ers from the control group. The observed number of lung cancer deaths among

insulation workers who were smokers was 46.2 times higher than expected for

nonsmokers in the ACS subpopulation (for current heavy smokers, the ratio

was 87.4; for ex-smokers, it was 36.6).

The conclusion was that a strong interaction existed between asbestos ex-

posure and smoking for lung cancer risks. Specifically, if the lung cancer risks

of nonsmokers in the control group were taken as a baseline, then nonsmoking

insulation workers had a risk 5.2 times greater. Among smokers in the control

population, the relative risk was higher (10.9) than for nonsmoking insulation

workers. For smoking insulation workers, the relative risk was 53.2 to 1 com-

pared with nonsmoking insulation workers, and 4.9 to 1 compared with smok-

ers (i.e., 53.2/10.9). The nearly equal estimates of asbestos relative risk for

smokers and nonsmokers (4.9 vs. 5.2) is consistent with a multihit/multistage

model of carcinogenesis, with asbestos and smoking affecting different “hits”

or “stages” of the process (see Section 2.3.1d). In this case, the attributable

risk (ARH) for asbestos induced lung cancer among insulation workers is ap-
proximately 80%, compared to 2% for the general population. This suggests

that much of the total excess lung cancer mortality among insulation workers

who smoked cigarettes was attributable to the interaction of asbestos with

smoking.

There was no evidence of an elevation of mesothelioma risks among smok-

ers, in distinct contrast to the strong elevation of lung cancer risks. This find-

ing has been confirmed in other studies (Lemen et al., 1980; McDonald and

McDonald, 1980; Peto et al., 1982; Tagnon et al., 1980; Muscat and Wynder,

1991).

2.3.1d Biologically motivated models of mesothelioma risks

A fourth study of the 1967-1976 follow-up data (Peto et al., 1982) estimated

the parameters of a mathematical model of the increase of the risk of mesothe-

lioma with the time since first exposure. Important findings were established

by Peto et al. (1982) through the application of this model to the experience

of the insulation workers. First, it was demonstrated that the absolute risk of

mesothelioma was dependent on time since first exposure but independent of

age. Similarly, Nicholson et al. (1981a), using the same data, showed that the

relative (but not absolute) risk of lung cancer was dependent on time since

first exposure but independent of age.

Peto et al. (1982) had to demonstrate that the incidence of mesothelioma

was dependent upon the time since the onset of asbestos exposure but not age

before they could legitimately apply a multihit/multistage model of carcino-

genesis to the exposure experience over the period 1922-1946 for the insulation
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workers. The multihit/multistage model of carcinogenesis is a model of the

biology of tumor initiation developed by Armitage and Doll (1954, 1961). The

model suggests that a tumor initiates when k + 1 errors occur in the genetic
code of a single cell, leading to the loss of the mechanisms regulating cell re-

production. The model is a widely accepted model of carcinogenesis for the

following reasons: (Whittemore and Keller, 1978)

• It is based on a plausible biological mechanism.

• It leads to a very simple computational form for predicting the increase in

the risk of tumor onset as a function of time since the initiation of exposure

to agents that might cause the genetic errors.

• It fits a wide range of data (e.g., Cook et al., 1969).

The mathematical form of the multihit/multistage model is

It = btk,

where It is the incidence rate (equivalently, hazard rate) of the tumor (in this

case, mesothelioma) t years after initiation of exposure to the risk factor (as-

bestos), b is a proportionality constant, and k + 1 is the number of cellular
errors that are required for a tumor to start. Mathematically, this expression

for the incidence rate is identical to the hazard rate of the Weibull distribution

— a distribution frequently used in reliability analysis in engineering applica-

tions. This distribution also arises in extreme value theory as the distribution

of the smallest extreme of a set of independent and identically distributed

times to failure of independent components of a multicomponent system. In

a biological system, individual cells are the components and the transforma-

tion of any one of up to a billion or more cells in a given organ (pleura or

peritoneum, in the case of mesothelioma) is sufficient to generate the disease.

The multihit/multistage model explains the parameter m = k + 1 as either
the number of stages or hits, depending on whether or not a specific fixed

order of cellular errors is required. The choice of hit versus stage affects the

interpretation of the parameter b, but not its estimated value.

This model was fitted to mesothelioma mortality data from the insula-

tion workers by Peto et al. (1982), who obtained estimates of 3.20 for k and

4.37 × 10−8 for b. Mortality data, rather than incidence data, were used be-
cause the time from diagnosis to death for mesothelioma is typically under 1

year and because incidence data were unavailable. The parameter estimates

were obtained by minimizing the chi-squared statistic used to measure the

goodness-of-fit of the observed and expected deaths under the model. The

parameters were reestimated using the maximum likelihood method and the

results were virtually identical (e.g., k = 3.17 vs. 3.20 under the minimum
chi-squared method).

To assess the generalizability of the model, it was also fitted to data from

four studies with different levels of asbestos dust exposure and fiber types

(i.e., Newhouse and Berry, 1976; Peto, 1980; Hobbs et al., 1980; Seidman et
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al., 1979). The value of k was fixed at 3.20 for each of these studies, but b was

allowed to vary (yielding estimates of 4.95×10−8, 2.94×10−8, 5.15×10−8, and
4.91× 10−8, respectively). In each case, the model fits reasonably well to the
mesothelioma mortality data. Thus, the increase of mesothelioma mortality

could be well described by the 3.2 power of the time since first exposure (i.e.,

It = bt3.2), over variations in asbestos fiber type, site [different mixes of pleural

(lung) and peritoneal (abdominal) tumors were observed across the studies],

and exposure levels. Variation in all of these factors could be modeled by

changes in b.

The estimate of k obtained from the insulation worker data had a very

broad confidence interval (standard error of 0.36) so that any value between

2.5 and 4.0 would provide an adequate fit. Peto et al. (1982) suggested that

lack of precision of k would not greatly alter predictions of future mortality

trends. However, if one employs a value of 4.0 instead of 3.2, the predicted

lifelong mesothelioma risk for men first exposed at age 20 (with b reestimated

to account for the change in k — a necessary step due to a correlation of the

sample estimates of k and b on the order of −0.998) would be 19% instead of

15%, a relative difference of 27%. If one uses k = 2.5, then the lifelong risk
would be 12% instead of 15%. The overall uncertainty (i.e., going from k = 2.5
to 4.0) is 58% (i.e., with estimates of lifelong mesothelioma risks ranging from

12% to 19%). For the purposes of projecting future mesothelioma mortality,

this degree of uncertainty is noteworthy.

Peto et al. (1982) warned against attributing spurious precision to the

estimate of k and recommended that a value of 3.5 be used to imply a value

between 3 and 4. The lack of precision in the estimate of k cited by Peto et

al. (1982) and the large effect that the variation in k has on the projection of

mesothelioma mortality suggest that long-term projections will be sensitive

to this parameter.

Peto et al. (1982) examined the risk of the two subtypes of mesothelioma —

peritoneal and pleural mesothelioma — and concluded that fiber type was a

primary determinant of anatomical site. Amphiboles (i.e., amosite or crocido-

lite) were argued to be largely responsible for peritoneal tumors. They also

showed that the lifelong risk of mesothelioma was very sensitive to the as-

sumed distribution of age at first exposure. For example, for the insulation

worker data, the lifelong mesothelioma risk was 15% for persons first exposed

at age 20, 7% for persons first exposed at age 30, and only 3% for persons

first exposed at age 40. This suggests that projections will be sensitive to

variations in the distribution of age at first exposure.

Peto et al. (1982) considered that the low mortality 10-15 years after first

exposure could be a result of a lengthy tumor growth time; that is, under the

multihit/multistage assumptions, the Weibull incidence rate is actually the

rate at which a single cell gains status as a bona fide cancer cell. However,

a tumor does not generally become detectable until about a billion or more

daughter cells have been generated by mitosis from the original transformed

cell, and this takes time. Peto et al. (1982) tested a modified model,
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It = b(t−w)k

with k = 2 and w = 10 years, and found, with suitable adjustment to b,

that this model fit better than the first model for the first 15 years since first

exposure and fit equally well thereafter.

This modified form of the model was adopted by both the Occupational

Safety and Health Administration and the U.S. Environmental Protection

Agency in their risk assessment models (OSHA, 1983, 1986; EPA, 1986). These

agencies made additional adjustments, however, to account for the fact that

union insulation workers tended to have continuous career-long exposure histo-

ries (35 years or more), whereas other workers typically had shorter durations

of exposures at lower intensities. We discuss these modifications in Section

2.4.

2.3.2 A Case-Control Study of Asbestos Risks in the United

States and Canada

McDonald and McDonald (1980) conducted a large and frequently cited ret-

rospective case-control study of occupational exposure to asbestos. This study

provided Walker’s (1982) projections with the proportion of the total number

of mesothelioma deaths that were likely to result in lawsuits. The study also

provided Selikoff’s (1981) projections with occupation-specific measures of rel-

ative risks that could be multiplied by estimates of the number of workers in

each occupational category to produce the projected number of mesothelioma

cases.

McDonald and McDonald (1980) identified groups of diseased and non-

diseased persons and examined retrospectively their differences in exposure.

The retrospective design differs from Selikoff et al.’s (1979) study of insula-

tion workers where the population was defined on the basis of exposure and

prospectively followed to determine who got the disease. The retrospective de-

sign allows for better control of confounding factors by closely matching cases

with controls. However, it cannot be used to produce estimates of the inci-

dence rate of mesothelioma. The results of the retrospective and prospective

studies complement each other.

McDonald and McDonald (1980) contacted nearly all U.S. and Canadian

pathologists (7400 in number) to determine how many cases of mesothelioma

they had observed. For the period 1960-1975 in Canada and for the year 1972

in the United States, the pathologists contacted reported a total of 668 cases

(557 recorded through the end of 1972 and selected for detailed analysis). For

each mesothelioma case, a staff physician visited the hospital where the case

was recorded, reviewed the diagnostic evidence, and selected a control matched

for sex, age, and year of death, and in which pulmonary (lung) metastases were

present from a nonpulmonary malignant tumor. After the selection of cases
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and matched controls, interviews were conducted (generally with relatives) to

determine occupational and residential histories and smoking habits. For each

occupation recorded, respondents were questioned about occupational dust

exposure.

For the 557 cases selected for detailed analysis, 71% (395) were male and

29% (162) were female. Among males, 78% of cases were pleural and 22%

peritoneal mesotheliomas. Among females, the corresponding figures were 61%

and 39%, respectively.

Occupation coding was conducted for 344 male cases and 344 controls

using a list of occupations associated with asbestos exposure provided by

Selikoff. Jobs were independently assessed for the likelihood of asbestos expo-

sure by four research centers specializing in occupational health studies. The

agreement among the four centers was quite good for exposures categorized as

“definite” and “unlikely,” and for the cases of “possible” and “probable” ex-

posure taken together. In the United States, on average, 73.6% of male cases

were classified as possibly-definitely exposed; in Canada, the corresponding

average was 58.3%.

For females, only 2 of 162 cases had worked with asbestos, so it was not

possible to carry out a similar analysis. However, six additional cases were

spouses of an asbestos worker, suggesting that about 5% of female cases could

be linked to occupational exposures.

From the 344 male cases and 344 controls, it was also possible to calculate

the relative risks of asbestos exposure for five occupational groups with an

established association with mesothelioma. Recall that the relative risk is the

ratio of the probability of dying from mesothelioma in one of the occupational

categories with identified exposure to asbestos to the probability of dying

from mesothelioma in occupational categories without identified exposure to

asbestos (in this case, all occupations other than the five selected groups). The

relative risks were calculated using the odds ratio approximation described in

Section 2.2.1. The odds ratios were as follows:

• 46.0 for insulation workers

• 6.1 for asbestos production and manufacturing

• 4.4 for heating trades (excluding insulators)

• 2.8 for shipyard workers

• 2.6 for construction workers

These were evaluated for consistency with risk estimates made from

prospective cohort studies and found to be in substantial agreement (Selikoff,

1981; see Section 3.3, Task 3 and Table 3.1).

In the United States, 64.8% of cases had worked in one of the five occupa-

tions; in Canada, the corresponding figure was 45.9%. These figures are 8.8%

and 12.4% lower, respectively, than the figures based on the possible-definite

exposure classifications.

In evaluating the two methods of analysis, McDonald and McDonald con-

cluded that:
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The list of occupations provided by the Environmental Sciences Labo-

ratory, Mount Sinai School of Medicine, proved a satisfactory method

of classifying occupations thought to entail asbestos exposure. With

minor modifications, the list could improve the comparability of case-

control surveys in different regions and countries. Greater discrimina-

tion was achieved between case and controls by selecting occupations

reported to have been associated with mesothelioma than by assigning

probabilities of asbestos exposure to all occupations listed. (McDonald

and McDonald, 1980, pp. 1654-1655)

In addition, McDonald and McDonald (1980) indicated that the likelihood

of asbestos exposure for an occupation may be underestimated by both meth-

ods because it was determined from interviews conducted after the subject

had died. They noted that interview data, especially from secondary sources

such as relatives, may not yield complete occupational or exposure histories.

McDonald and McDonald (1980) noted a tendency for male workers

in higher-risk occupations to have relatively more peritoneal (abdominal)

mesothelioma. Combined with the results of Peto et al. (1982; see Section

2.3.1d), this finding suggested that asbestos fiber exposures in high-risk oc-

cupations may include greater relative amounts of amphiboles than in low

risk occupations. This interpretation would also be consistent with the find-

ing that females have relatively more peritoneal mesotheliomas than do males,

even though their asbestos exposure is much lower. Moreover, the finding of

no association of mesothelioma risk with smoking was confirmed for males

(see Section 2.3.1c).

Walker (1982) used the data provided by McDonald and McDonald (1980)

to divide the total projected number of mesothelioma cases (see Section 4.4,

Task 1b):

• Into a group with a plausible (i.e., “definite” or “probable”) occupational

exposure history and a group without such a history

• For workers with a plausible occupational exposure history, into subgroups

that were heavily and less heavily exposed

2.3.3 Short-Term Amosite Exposure Among Factory Workers in

New Jersey

Seidman et al. (1979) considered the long-term effects of short-term exposures:

933 men employed in an amosite asbestos factory during the period 1941-1945

were followed in cohort studies for 35 years. As Seidman et al. (1979, p. 62)

state, “This resulted in a unique experience; men with a very limited duration

of intense work exposure to amosite asbestos followed by long observation.”

Thus, it was possible to determine if very limited exposures (e.g., 1 month)

increased the risk of cancer, whether cancer risks increased with greater ex-

posure duration, and if the exposure duration was correlated with the length
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of the latency period. There were no direct observations of dust counts for

this cohort, although measurements made in 1971 suggested average exposure

levels as high as 23 fibers/ml, for fibers longer than 5µm.
One hundred thirteen men were eliminated from the original 933 men,

20 because of prior asbestos work experience, 14 because during the first 5

years after employment, they took up asbestos work elsewhere, 41 died, and

38 were lost to follow-up. This left 61 workers who worked less than 1 month,

90 for 1 month, 82 for 2 months, 149 for 3-5 months, 125 for 6-11 months, and

313 for 12 or more months. The mortality experience of these workers was

compared on an age- and date-specific basis for the period 1946-1977 with

the mortality experience of New Jersey white males (New Jersey having some

of the highest cancer rates in the United States). Total mortality, mortality

from specific causes, lung cancer, and an “all-asbestos” disease category were

analyzed. The “all-asbestos” disease category represented asbestosis, chronic

pulmonary disease, lung cancer, mesothelioma, and cancers of the esophagus,

stomach, colon, rectum, larynx, buccal cavity, pharnyx, and kidney.

The study yielded several conclusions. First, the lower the dose the longer

it took for excess mortality to become evident and the smaller the magni-

tude of the effect. Second, the length of the latency period decreased with

increasing age at exposure. It had been suggested that if asbestos-related dis-

eases had long latent periods, then older workers, because of their age, would

not live long enough to manifest those diseases. Unfortunately, Seidman et

al. (1979) found that high levels of exposure for older persons (e.g., aged 50

to 59) produced increased mortality very quickly (i.e., within 5 to 14 years).

Third, it was demonstrated that mortality risks increased with time, even

after exposure had ceased, apparently due to the effects of permanently re-

tained asbestos in lung tissue and other sites. Fourth, for light exposure, it

was determined that the follow-up period would have to be lengthy to identify

health effects.

2.3.4 Effects of Chrysotile Exposure Among Miners and Millers in

Quebec

McDonald et al. (1980) followed until 1975 a cohort of 11,379 workers (10,939

men and 440 women) born 1891-1920 and exposed to chrysotile in the mines

and mills of Asbestos and Thetford, Quebec. Data were analyzed using two

cohort methods, using male mortality in Quebec as a standard, and a case-

control method employing internal controls. Cumulative measures of exposure

to asbestos were available.

In the first cohort analysis, the male cohort was subdivided into four groups

on the basis of length of service (i.e., less than 1 year, 1-4 years, 5-19 years, and

20 or more years). The workers in each length of service category were further

divided into four subgroups on the basis of cumulated dust concentrations for

all kinds of airborne particles, not just airborne asbestos, measured as the

number of millions of particles per cubic foot (mppcf) to which the worker
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was exposed weighted by the number of years he was exposed at that level

(mppcf-yr)). The subgroups were defined so that there was little variation in

the average daily level of exposure in each of the four sets of four accumu-

lated exposure categories (i.e., “low” accumulated exposure groups had been

exposed to a concentration of 2.5 to 4.2 mppcf on average, “medium” accumu-

lated exposure groups experienced dust concentrations that varied from 4.3

to 9.4 mppcf, “high” exposure groups experienced dust concentrations that

varied from 14.4 to 23.6 mppcf, and “very high” groups varied from 46.8 to

82.6 mppcf).

There was little association between exposure level and cause of death for

gross service of less than 5 years. For service of 5-19 years, there were consistent

trends across exposure levels for total mortality, asbestosis (pneumoconiosis),

heart disease, and stroke. SMRs were elevated in the highest-exposure group

for lung cancer and other respiratory diseases. For workers with 20 or more

years service, the most severely exposed category had the highest SMRs for

total mortality and for all listed causes other than laryngeal cancer and acci-

dents. Furthermore, there was a relatively consistent gradient for asbestosis,

heart disease, total mortality, lung cancer, respiratory tuberculosis, and other

respiratory diseases.

McDonald et al. (1980) conducted a second analysis using exposure cate-

gories based on the dose accumulated by age 45 (three categories: less than

30 mppcf-yr, 30-299 mppcf-yr, and 300+ mppcf-yr). There were clear trends

in the SMRs for total mortality, asbestosis, lung cancer, cancer of the colon

and rectum, respiratory tuberculosis, other respiratory diseases, and stroke.

At age 45, lung cancer risks increased linearly at a rate of 0.16% per mppcf-

yr accumulated exposure to asbestos (with exposure of 30 mppcf-yr or more

divided into four categories).

McDonald et al. (1980) also analyzed their data retrospectively, using the

case-control method. Multiple controls and four exposure categories (i.e., less

than 30 mppcf-yr, 30-299 mppcf-yr, 300-999 mppcf-yr, and 1000+ mppcf-yr)

were employed with persons with less than 30 mppcf-yr exposure used as in-

ternal controls. Clear increases in risk were found for asbestosis, lung cancer,

esophageal and stomach cancer, and colon/rectum cancer. For these four dis-

eases persons who had accumulated 1000+ mppcf-yr asbestos exposure had

risks respectively 30.6, 3.16, 4.69, and 5.26 times greater than expected based

on the mortality experience of persons with less than 30 mppcf-yr accumulated

exposure.

When the analysis was stratified by smoking status, lung cancer risk in-

creased 10-fold for nonsmokers with the highest level of accumulated expo-

sure, compared to internal controls (i.e., nonsmokers with the lowest level of

accumulated exposure). For persons with undifferentiated (i.e., unknown or

doubtful) smoking habits, the risk ratio for persons with high levels of as-

bestos exposure compared to those with low levels was nearly 14-fold but

only 2-fold for definite smokers. In this case, the attributable risk (ARH) for
asbestos-induced lung cancer at the highest levels of exposure were 90% for
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nonsmokers versus 50% for smokers — compared to estimates of 80% for both

groups in Hammond et al. (1979).

In summary, both retrospective and prospective analyses of the data

showed the following:

• There was essentially a linear response to dose of risk for lung cancer,

asbestosis, and total deaths based on accumulated exposure.

• Both an additive model of smoking interaction with asbestos exposure and

a multiplicative model (found in Hammond et al., 1979) are consistent with

the data.

• Because of the difficulty in identifying excess risks at lower exposure levels,

the fitting of linear dose-response forms are essential to the task of setting

standards for acceptable environmental exposure levels.

Perhaps the most important conclusion from this study is that chrysotile

asbestos fibers appeared to be less potent in increasing mesothelioma risks

than amphiboles (amosite or crocidolite):

The incidence of malignant mesothelial tumors, especially of the peri-

toneum, is so very much higher after exposure to amphiboles (and

amphibole-rich mixtures) than after exposure to chrysotile alone, that

differences in dust concentrations are unlikely to explain it. (McDon-

ald et al., 1980, p. 22).

Nonetheless, McDonald et al. (1980) suggested that the available evidence

on the aggregate health implications of fiber type was not conclusive because

(a) no comparable (i.e., as statistically reliable) studies had been made of

crocidolite or amosite production and (b) for the available reports on single-

fiber exposure, exposure was expressed only in terms of duration [e.g., no

direct exposure measures were available in Seidman et al. (1979)].

2.3.5 Mesothelioma Risks Among World War II Shipyard Workers

Important evidence about the health implications of asbestos was provided

by studies of mesothelioma and lung cancer risks among World War II ship-

yard workers. Because this workforce was so large (i.e., 4-5 million workers), a

significant elevation of risk in this group served to raise concern for the mag-

nitude of the total health effect of occupational exposure to asbestos. Early

evidence of this effect was derived from cancer maps for the period 1950-1969

(Mason et al., 1975). Several areas of excess lung cancer mortality risk were

noted in coastal counties. One hypothesis to explain this elevation was that

increased lung cancer mortality risk was due to shipyard exposure to asbestos.

Eventually, case-control studies were conducted in a number of areas observed

to have elevated lung cancer mortality risks on the maps (e.g., Blot et al., 1978,

Georgia; Tagnon et al., 1980, Virginia; Blot et al., 1982, Florida; see also Blot

and Fraumeni, 1981). The study by Tagnon et al. (1980) of coastal Virginia

illustrates the general design and results of those case-control studies.
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Sixty-one cases of mesothelioma diagnosed 1972-1978 were identified among

white males from discharge diagnoses, pathology files, and tumor registries at

major hospitals in coastal Virginia and from records of the Virginia Tumor

Registry. Pathological specimens were sought for all cases for independent

review. Mesothelioma incidence rates were calculated for each sex, race, and

age group. The observed numbers of cases were compared to the numbers

expected based on national estimates of mesothelioma derived from the Sur-

veillance, Epidemiology, and End Results Program (SEER) results (Hinds,

1978). The case-control study was limited to white males — the only group

with elevated rates. Controls consisted of 320 local residents who died from

1972 to 1976 from causes other than chronic respiratory diseases and were

similar with respect to age at death and county of residence. Personal inter-

views of 4 surviving cases and the next-of-kin of 52 deceased cases and 236

controls were conducted using a standard questionnaire to obtain data on (a)

place, type, and length of employment for all jobs held for more than 6 months

and (b) information on smoking habits and residential history.

The mesothelioma incidence rates were four times the national estimates

from SEER, with the excess concentrated among white males. Shipyard em-

ployment was reported for 77% of the cases. The risk of mesothelioma was

15.7 times higher for shipyard workers who had reported contact with asbestos

than for the controls — implying that ARH = 93.6%. Among shipyard workers
reporting no contact with asbestos, the risk of mesothelioma was 4.9 times

higher than among controls. Because mesothelioma risks were significantly

elevated among shipyard workers who were not identified as having contact

with asbestos, it was suggested that the determination of asbestos exposure

from the interviews may have been incomplete. Cigarette smoking was not

associated with an increased risk of mesothelioma.

Tagnon et al. (1980) also reported results from a parallel study of the

same population in which lung cancer risks of shipyard workers were 1.7 times

greater than those of the controls. Furthermore, shipyard workers developing

lung cancer tended to have shorter durations of exposure to asbestos than

those developing mesothelioma.

Because latencies of 35 years were often noted for mesothelioma, it was

suggested that the full impact of mesothelioma had not yet been felt. The

authors concluded:

Assuming that the Tidewater rate of 10 cases/year/100,000 white

males ages 50 to 70 years . . . is composed of a 15-fold increased risk

among 12% (the percentage of the 236 controls) of this population

who worked in shipbuilding prior to 1950 and either handled asbestos

or were career employees, and assuming that the risk was usual among

the remaining 88%, then the annual incidence of mesothelioma among

former shipyard employees would be 56/100,000. This rate exceeds

that for all cancers except those of the lung, prostate, colon, and

bladder. Furthermore, since survival is poorer for mesothelioma than
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for the other neoplasms, mesothelioma may claim as many or more

deaths among shipyard workers than does any cancer except lung can-

cer. (Tagnon et al., 1980, p. 3878).

2.3.6 Effects of Asbestos Exposure Among a Cohort of Retired

Factory Workers

Henderson and Enterline (1979) reported the mortality experience of 1348

men aged 65+ who had “completed their working life times as production or

maintenance-service employees with a U.S. asbestos company and retired with

a company pension” (p. 117). Of the 1348 men, 273 were excluded whose only

known employment was in Canada. For the remaining 1075 men, 781 deaths

were recorded. For these 781 deaths, death certificates could be located for

749. The cohort was composed of three types of retiree for the period 1941-

1967:

• Normal retirees at age 65

• Those who retired before age 65 for nonmedical reasons but who lived to

65

• Those who retired due to disability before age 65 but who lived to 65

The mortality experience of this cohort was compared with that expected

assuming that U.S. white male mortality rates for the same ages and dates

applied to the study population. Although this is a cohort study, one must

be aware of the implications of selecting a group of persons who must survive

to age 65 and who must have adequate service to qualify for a pension. The

health effects of intense exposure to asbestos may have already been manifest

before age 65. Therefore, workers who succumbed to asbestos-related diseases

before age 65 were excluded from consideration by the study design.

Despite the selectivity of their cohort, Henderson and Enterline (1979)

found that total mortality, cancer mortality, and mortality from chronic respi-

ratory diseases were elevated, although perhaps not as high as in other studies.

The authors calculated cumulative dosages and studied the dose-response re-

lations. Previously, with Canadian data and 4 fewer years of follow-up, it was

speculated that the mathematical function describing the dose-response rela-

tion was nonlinear. The later data (with 4 more years of follow-up and with the

Canadian data excluded) were found by Henderson and Enterline (1979) to

be consistent with a linear dose-response form. The estimated dose-response

equation for respiratory cancer was SMR = 100.0 + 0.658×mppcf-yr, where
the SMR is the standardized mortality ratio (percent form) based on U.S.

white male respiratory cancer mortality and the dust levels were estimated

by job and time period.

The authors obtained information on the type of asbestos fiber to which

each worker was exposed (i.e., amosite, chrysotile, crocidolite, or some com-

bination thereof). The effect of exposure to specific types of asbestos fibers
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on disease risk could be adjusted for cumulative dose. Although the numbers

were small, the 112 men exposed to both chrysotile and crocidolite asbestos

had an SMR that was 94.3% higher than expected on the basis of cumulative

dust exposure alone. In contrast, the 754 men exposed only to chrysotile had

an SMR that was 5.3% lower than expected on the basis of cumulative dust

exposure alone. Taken together, these results imply that the excess risk in-

duced by the chrysotile-crocidolite mixture could be 99.6% higher than that

of chrysotile alone. Because the majority of the men who had mixed exposures

worked in asbestos cement pipe manufacturing, it was difficult to draw firm

conclusions about the different effects of chrysotile and crocidolite. The SMRs

for amosite were elevated, but the sample sizes were too small for those SMRs

to achieve statistical significance.

Although useful information was generated from the study, the study de-

sign made it impossible to draw meaningful conclusions about the relation

of asbestos exposure and mesothelioma. The authors had previously reported

only 1 mesothelioma death during 1941-1969 for the 1348 men in the study.

This was surprising given that the study summarized the experience of a group

with typically long durations of employment (3-51 years; 25 year average), high

exposure levels, and lengthy times since onset of exposure.

As noted by Henderson and Enterline (1979), this finding is frequently

compared with a study conducted near the Manville, NJ plant, where 72 cases

of mesothelioma were identified (Borow et al., 1973). Henderson and Enterline

(1979) provided a table to indicate the status of 58 of 72 of Borow’s cases. No

explanation was given by Henderson and Enterline for the difference between

the 58 cases reviewed and Borow’s total of 72. Furthermore, as Henderson and

Enterline (1979, p. 124) explain:

Of the 58 cases, there were records of work at the plant for 41. Thirty-

one of these men were not included in our cohort, however. That is,

they did not, according to our records, retire during the period 1941-

1967. Most of these men were too young or had too little service to

retire. Of the 10 on whom we did have records, seven died at ages

under 65 and were not part of our study, because we studied deaths

only at ages 65 and over.

Thus, a major portion of the effect of asbestos exposure on health (i.e.,

deaths due to mesothelioma) was lost because of the requirement of the study

design that persons be over age 65 and have adequate service to retire.

Since a major portion of the total health consequences of occupational ex-

posure to asbestos was excluded by the study design, the data from this study

cannot be directly employed in projections of the total health consequences

of occupational exposure to asbestos. Using these data in such projections

could grossly understate future mesothelioma incidence. It seems likely that

the same limitations of the study design that caused mesothelioma mortal-

ity to be grossly underestimated could also lead to underestimation of other

health consequences of asbestos exposure.
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2.4 Increases in Disease Risk Associated with Exposure

to Asbestos

In all of the above-cited studies, the risks of certain diseases and causes of

mortality increased for persons with significant occupational exposure to as-

bestos. However, it was not possible in all studies to estimate a dose-response

function because the level of asbestos exposure was not measured in all stud-

ies. The dose-response function is a mathematical expression indicating the

exact magnitude of the increase in risk associated with a unit dose increase

in exposure to asbestos. The coefficient applied to the measured level of as-

bestos exposure is called the “dose-response coefficient.” In this section, we

will examine dose-response coefficients estimated for studies where asbestos

exposure was measured (Selikoff, 1981; EPA 1986).

In addition to quantitative measures of asbestos exposure, a second re-

quirement must be satisfied before a dose-response function can be estimated.

This requirement is that the mathematical form of the dose-response function

be known. In general, one lacks adequate data to prove that a dose-response

function is of a particular form. Consequently, one is required to (a) specify

a theoretically acceptable dose-response function and (b) make sure that the

form specified is consistent with the data. The specification of a particular

dose-response function is important in projections because it determines the

level of disease risk that can be expected for persons exposed to a given level

of asbestos.

The most common type of dose-response function used in the analysis of

the risks of asbestos exposure is the linear dose-response function, a func-

tion that derives from the multihit/multistage model under the assumption

that asbestos affects only one “hit” or “stage” of the process of carcinogenesis

(Whittemore and Keller, 1978). This function has the property that the in-

crease in risk associated with a unit increase in asbestos exposure is the same

at all levels of asbestos exposure. The EPA found this assumption to be plau-

sible for mesothelioma and strongly indicated by the evidence for lung cancer

(EPA, 1986, p. 30). Both Walker (1982) and Selikoff (1981) assumed that the

dose-response function is linear. This assumption was important for both of

their projection strategies in that it permitted them to treat the duration of

exposure as equivalent to dose. Thus, exposing 2000 persons to a given level

of asbestos for 1 year would produce the same amount of disease as exposing

1000 persons to the same level of asbestos for 2 years. This equivalence holds

only for the linear form of the dose-response function and only for moderate

variations of the exposure duration.

Although such an assumption has not been proven, most findings are con-

sistent with a linear dose-response form. Furthermore, none of the supporting

data suggest the existence of a threshold level required for disease response.

As a result, a linear dose-response form is usually accepted for practical rea-

sons and because no epidemiological study can give accurate risk estimates at

the lower dosage levels (McDonald et al., 1980).
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Given the linear form of the dose-response relation, a number of technical

issues remain. First, what measure of cumulative dosage should be employed?

A common measure is the number of asbestos fibers greater than 5µm in

length found in 1ml of air to which a worker is exposed, for 40 hours per
week, over some standard time unit like a year. This measure is frequently

abbreviated as f-yr/ml. An alternate cumulative measure, the mppcf-yr (see

Section 2.3.4), may be related to this measure by the simple approximation 1

mppcf-yr = 3 f-yr/ml (Selikoff, 1981, p. 211; or Selikoff, 1982, p. 124).

Actually, this conversion is more complex than it appears. Direct con-

version from U.S. customary units to metric units yields 1 mppcf-yr = 35.3

f-yr/ml assuming that 1 fiber = 1 particle. The discrepancy occurs because

the mppcf measure was typically used to measure the total dust concentration

for all kinds of airborne particle — not just airborne asbestos fibers. Selikoff’s

approximation is equivalent to the assumption that 1 asbestos fiber = 11.8

airborne particles. Selikoff warned that the conversion factor for 1 mppcf could

plausibly range from 1 to 8 f/ml, so that the assumed conversion factor 3 f/ml

may be grossly in error. For additional discussion, see Dement et al. (1983a)

and EPA (1986, pp. 42-46).

A second technical issue to consider is what measure of response to use. In

Table 2.2, the dose-response coefficients from a range of studies are presented

for two measures: (a) the change in lung cancer deaths due to each 1 f-yr/ml

change in exposure, as a percent of the expected lung cancer deaths, and (b)

the change of all asbestos-related deaths due to each 1 f-yr/ml change in expo-

sure, as a percent of observed deaths. Selikoff (1981) summarized these studies

to show how the estimates changed with study design and condition. To maxi-

mize comparability, the asbestos-related deaths were restricted to include only

deaths from asbestosis, lung cancer, mesothelioma, and gastrointestinal can-

cer [defined by Selikoff (1981) to include cancers of the esophagus, stomach,

and colon/rectum].

According to Table 2.2, in the study of Seidman et al. (1979), where fac-

tory workers were exposed to amosite fibers, there was a 9.1% increase in lung

cancer risk for each f-yr/ml. The lowest estimate was 0.06% (McDonald and

Liddell, 1979) where miners and millers were exposed to chrysotile fibers. The

ratio of the largest dose-response coefficient to the smallest coefficient was 151

to 1 (i.e., 9.1/0.06). This variation is large and probably reflects unidentified

systematic differences in study design, study population, and study condi-

tions, or combinations of these factors. For example, amosite fibers may be

more toxic than chrysotile fibers. Thus, one might expect the dose-response

coefficient to be higher in studies where the primary fiber type is amosite, as

in Seidman et al. (1979). The ratio of the largest and smallest dose-response

coefficients relating the risk of all asbestos-related deaths to asbestos exposure

was also large: 108 to 1 (i.e., 0.65/0.006).

The ranges of dose-response estimates for both lung cancer and all-

asbestos-related diseases are so broad that it may be hazardous to pool such

estimates. Instead, Selikoff (1981) recommended that one examine the esti-



46 2 Epidemiology of Asbestos-Related Diseases

T
ab

le
 2

.2
: 

 E
s

ti
m

at
ed

 R
is

k
 I

n
cr

ea
se

s
 A

ss
o

ci
at

e
d

 w
it

h
 A

sb
es

to
s 

E
xp

o
su

re

In
cr

e
a

se
 in

 R
is

k 
p

e
r 

f-
yr

/m
l o

f 
C

u
m

u
la

tiv
e

 E
xp

o
su

re
L

u
n

g
 C

a
n

ce
r 

a
s 

a
A

ll 
A

sb
es

to
s-

R
e

la
te

d
%

 o
f 

E
xp

ec
te

d
D

e
a

th
s 

a
s 

a
 %

 o
f

S
tu

d
y 

G
ro

u
p

A
sb

e
st

o
s 

T
yp

e
L

un
g

 C
an

ce
r 

D
e

a
th

s
O

b
se

rv
e

d
 D

ea
th

s
R

ef
e

re
n

ce

F
a

ct
o

ry
 E

m
p

lo
ym

e
n

t
In

su
la

tio
n

 M
a

n
u

f.
 –

 P
a

te
rs

o
n

, 
N

.J
.

A
m

o
si

te
9

.1
0

0
.6

5
0

S
ei

d
m

a
n

 e
t a

l.,
 1

9
7

9
A

sb
es

to
s 

P
ro

d
u

ct
s 

M
an

uf
.

–
 L

o
n

d
on

, 
U

.K
.

M
a

le
s

C
ro

ci
d

o
lit

e
, 

ch
ry

so
til

e
,

1
.3

0
0

.1
4

0
N

ew
h

o
u

se
 a

n
d

 B
e

rr
y,

 1
9

7
9

a
n

d
 a

m
o

si
te

F
em

a
le

s
C

ro
ci

d
o

lit
e

, 
ch

ry
so

til
e

,
8

.4
0

0
.1

4
0

N
ew

h
o

u
se

 a
n

d
 B

e
rr

y,
 1

9
7

9
a

n
d

 a
m

o
si

te
A

sb
es

to
s 

M
a

nu
f.

 R
e

tir
ee

s 
– 

U
.S

.
A

m
o

si
te

 a
n

d 
ch

ry
so

til
e

;
0

.3
0

0
.0

2
0

H
en

d
e

rs
o

n 
a

n
d

 E
n

te
rl

in
e

, 
1

9
79

so
m

e
 c

ro
d

id
o

lit
e

A
sb

es
to

s 
P

ro
d

u
ct

s 
M

an
uf

.
C

h
ry

so
til

e
; 

so
m

e
 a

m
o

si
te

1
.1

0
0

.0
8

0
N

ic
h

o
ls

on
 e

t 
a

l.,
 1

9
8

1
b

 –
 M

a
n

vi
lle

, 
N

.J
.

a
n

d
 c

ro
ci

d
o

lit
e

In
su

la
tio

n 
A

p
p

lic
a

tio
n

C
h

ry
so

til
e

 a
n

d
 a

m
o

si
te

1
.7

0
0

.1
7

0
S

el
ik

o
ff

 e
t 

al
.,

 1
9

7
9

T
e

xt
ile

 P
ro

d
u

ct
io

n
U

.S
.

C
h

ry
so

til
e

5
.3

0
0

.2
9

0
D

em
en

t 
e

t 
a

l.,
 1

9
82

R
oc

hd
a

le
, 

U
.K

.
B

e
fo

re
 1

9
5

1
C

h
ry

so
til

e
0

.0
7

0
.0

2
0

P
et

o
, 

19
8

0
A

ft
e

r 
1

95
0

C
h

ry
so

til
e

0
.8

0
0

.0
8

0
P

et
o

, 
19

8
0

C
hr

ys
o

til
e

 M
in

in
g

 a
n

d
 M

ill
in

g
Q

u
e

be
c

C
h

ry
so

til
e

0
.0

6
0

.0
0

6
M

cD
on

a
ld

 a
n

d
 L

id
d

el
l, 

1
9

7
9

;
M

cD
o

n
al

d
 e

t 
a

l.,
 1

9
8

0
T

h
e

tf
or

d
 M

in
es

, 
Q

u
e

b
ec

C
h

ry
so

til
e

0
.1

5
0

.0
3

0
N

ic
h

o
ls

on
 e

t 
a

l.,
 1

9
7

9

S
ou

rc
e

: 
S

e
lik

o
ff

 (
1

98
1

, 
T

a
b

le
 3

-1
4

) 
an

d
 N

R
C

 (
1

9
8

4
, 

T
a

b
le

 7
-3

).



2.4 Increases in Disease Risk Associated with Exposure to Asbestos 47

mates in terms of data quality and systematic differences in the exposure

and setting in order to select plausible dose-response estimates for specific

forecasting or risk assessment applications.

Selikoff pointed out that the three highest estimates (5.3%, 8.4%, and

9.1%) suggested that even very low exposures (e.g., 0.5 f/ml for workers em-

ployed for 40 years = 20 f-yr/ml) may produce twice the risk of lung cancer

and 4-13% higher total mortality. The six highest estimates implied that an

exposure of 2.5 f/ml would produce, after 40 years, at least a doubling of lung

cancer risk and 10% higher total mortality. This exposure level is half the U.S.

standard permissible exposure limit of 5.0 f/ml existing in 1972-1976 and is

just above the 2.0-f/ml standard existing in 1976-1986 (OSHA, 1986).

Despite Selikoff’s (1981, p. 219; 1982, p. 134) admonition that “it is not

appropriate to average or otherwise combine the data from the various inves-

tigations,” this is precisely what was done in the National Research Council

(NRC) (1984) study which relied on the same set of nine estimates for lung

cancer as reported in Table 2.2. The NRC (1984, p. 214) computed the me-

dian dose-response coefficient (1.1%) and rounded the result upward to 2.0%

for computing lifetime risks of lung cancer for nonoccupational environmental

exposures.

Likewise, the EPA (1986) used an averaging of the risk coefficients ob-

tained in their review of 14 studies that permitted estimation of the OSHA

(1983) form of the lung cancer model. This model extended previously de-

veloped SMR models to explicitly introduce a 10-year latency period during

which asbestos exposure would have no observable impact. The SMR (percent

form) at age a, exposure level f, duration d, and time since first exposure t, is

represented as

SMR(f, d, t) = 100 + KL × f × dt−10,

which is independent of age; and where KL is the dose-response coefficient

(percent form), f is the exposure intensity in f/ml, and dt−10 is the completed
duration of exposure 10 years in the past (i.e., as of age a− 10), where

dt−10 =

d (t ≥ d+ 10)
t− 10 (d+ 10 ≥ t ≥ 10)
0 (t < 10) .

The EPA (1986) evaluated 14 studies that allowed the estimation of dose-

response coefficients and confidence intervals for the OSHA (1983) lung cancer

model. The results in Table 2.3 indicate that there were significant differences

among the estimates.

The EPA (1986, p. 82) computed the geometric mean KL of the 14 studies

as 0.65%. However, for assessing the impact of environmental exposures, they

excluded the three studies of mining and milling workers and recomputed the

geometric mean as 1.0% — nearly identical to the initial result of 1.1% in the

NRC (1984) study. A 95% confidence interval from 0.4% to 2.7% was derived

from an analysis of variance of the 11 separate estimates.
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Following essentially the same logic, OSHA (1986, p. 22,637) derived an

identical estimate of KL (1.0%) with an uncertainty interval of 0.3-3.0%. Nei-

ther confidence interval includes the three estimates in Table 2.3 for mining

and milling (0.06%, 0.17%, and 0.75%), whose geometric mean is 0.091% —

smaller than the 1.0% pooled estimate by a factor of 11.0. To deal with this,

the EPA recommended an uncertainty factor of 10 in applications to new

exposure situations.

Part of Selikoff’s (1981) concern about pooling the risk coefficients was

that it may lead to underestimation of the risk faced by certain classes of

workers. Conversely, it may lead to overestimation of the risk faced by others.

For example, Camus et al. (1998) evaluated the EPA parameterization of the

OSHA lung cancer model using mortality data for women from two chrysolite

mining areas of Quebec for the period 1970-1989. The estimated average cu-

mulative exposure was 25 f-yr/ml, which was relatively high given that 95% of

the exposure was nonoccupational. The predicted relative risk was 2.05 to 1.

The observed relative risk was 0.994 or 1.101, depending on the method used

in the calculation. On this basis, Camus et al. (1998, p. 1568) concluded that

“the EPA’s risk-assessment model overestimated the mortality attributable to

asbestos by a factor of at least 10.”

The authors offered six possible reasons for overestimation by the EPA’s

model:

• Overestimation of risk at low doses

• Inadequacy of cumulative exposure in measuring risk

• Overestimation of the exposure-risk gradient

• Lower risk for chrysotile versus amphibole asbestos

• Lower relative risk of lung cancer due to asbestos among nonsmokers than

smokers

• Overestimation of the dose-response gradient

These reasons included no mention of the uncertainty of the dose-response

coefficient due to pooling, nor of the large confidence intervals recommended

by the EPA (1986). The EPA (1986, p. 82) stated that application of their

model to new exposure situations should allow for a risk differential as large

as a factor of 10 from their 1% dose-response coefficient. This would include

the risk level found by Camus et al. (1998) at its lower bound.

Alternatively, the results of Camus et al. (1998) may be reinterpreted as

providing validation of the EPA (1986) model. This requires that we view

the Quebec exposures not as a new exposure situation, but as one similar to

the mining and milling exposures in the three studies (including Quebec) ex-

cluded from EPA’s pooled estimate (see Table 2.3). The pooled dose-response

coefficient for these three studies is 0.091%, which implies a predicted relative

risk of 1.096 — a value in-between the two observed values 0.994 and 1.101

provided by Camus et al. (1998). [Note: 1.096 = 1 + (2.05− 1)× 0.091.]
This explanation is more plausible than any of the six explanations pro-

posed by the authors and it provides additional support for the OSHA (1983)
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form of the lung cancer model used by the EPA (1986). The question remains:

Why is the lung cancer risk coefficient for the mining and milling of chrysotile

so much lower than for other asbestos processing activities, especially for tex-

tile production in the United States and the United Kingdom?

The EPA (1986) used 4 of the 14 studies to estimate risk coefficients for

mesothelioma using the OSHA (1983) form of the mesothelioma model. This

model extended the latency form of the multihit/multistage model used by

Peto et al. (1982; see Section 2.3.1d) to explicitly represent (a) the permanent

increase in risk associated with each fiber that is inhaled and retained and (b)

the reduced rate of increase in risk following the cessation of exposure. The

absolute mortality risk at exposure level f, duration d, and time since first

exposure t, for t ≥ 10, is represented as

AMR(f, t, d) = KM × 10−8 × f ×
h
(t− 10)3 − (t− 10− dt)

3
i
,

where

dt =

½
d (t ≥ d+ 10)
t− 10 (t < d+ 10) ,

where the final condition is set to zero out the second term in brackets in

the expression for AMR(f, d, t) during the 10-year latency period following
cessation of exposure. The constant 10−8 is extracted from the constant KM

to simplify the scaling. The 10-year latency assumption is implemented by

setting AMR(f, d, t) = 0 for t < 10.
The EPA’s (1986) estimates of dose-response coefficients for mesothelioma

are presented in rows 2, 3, 4, and 6 of Table 2.4. These estimates range from

1.0 to 12.0 with a geometric mean of 2.75. However, when the two OSHA

(1986) estimates are included, the geometric mean drops to 0.98. The EPA

(1986) was concerned about bias in their estimates, noting that two of the four

studies included the two highest lung cancer dose-response estimates. To deal

with this concern, the EPA evaluated the ratios of the mesothelioma and lung

cancer coefficients, noting that the ratios for the four selected studies were in

much closer agreement, ranging from 0.74 to 2.00, with a geometric mean of

1.25. Following this, the EPA (1986, p. 95) developed a series of adjustments

that incorporated mesothelioma death counts from the other 10 studies listed

in Table 2.3 and concluded that the best estimate of the dose-response ratio

was 1.00, so thatKM = KL=1.0, with an approximate 95% confidence interval

from 0.2 to 5.0 and an uncertainty factor of 20 in applications to new exposure

situations.

This estimate of KM is almost identical to the geometric mean (0.98)

of the six studies in Table 2.4. However, the EPA’s uncertainty bounds are

large, suggesting that use of the OSHA-EPA model may lead to serious errors

of underestimation of the risk faced by some workers and overestimation of

the risk faced by others.

OSHA (1986, p. 22,640) followed a similar logic in their assessment of the

four studies in Table 2.4, arriving at the same final estimate: KM = 1.0. They
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also reported theKM estimates for the data of Dement et al. (1983b) andWeill

et al. (1979) included in rows 1 and 5 of Table 2.4. In our model development

in Section 8.4, we used the updated insulation worker data in Selikoff and

Seidman (1991) to obtain a KM value of 1.45, 45% higher than the EPA

(1986) value, but only 3.3% lower than the insulation worker value in Table

2.4. The uncertainty in these estimates motivated us to develop additional

constraints on our forecasting model that will be discussed in Chapters 6-10.

2.5 Effects of Fiber Type on Disease Risks

Two aspects of the OSHA (1983) mesothelioma model are important to our

modeling applications. First, the fact that the absolute risk is proportional

to the asbestos exposure level, f, means that no nonasbestos-related causes

of mesothelioma are represented. In the general population, where 80-90%

of mesotheliomas are attributable to asbestos exposure, this assumption is

clearly only an approximation, and the approximation could be improved by

better accounting of the rate for the remaining 10-20% not due to asbestos

exposure. In the exposed worker population, however, where the attributable

risk (ARH) is on the order of 99% or higher, the approximation is much better
and there would be little gain in modeling the nonasbestos-related risk.

Second, the exponent k = 3 in the formula for absolute risk implies a four-
stage or four-hit multistage/multihit model, consistent with the mechanisms

proposed by Hahn et al. (1999; see Section 2.6 for discussion). This is 1 unit

higher than the estimate k = 2 obtained by Peto et al. (1982) for the fitted
model with a 10-year latency (see Section 2.3.1d). However, when we re-fitted

that model to the updated data in Selikoff and Seidman (1991), we found

that k = 3 was the best integer estimate for the exponent, and k = 2.8
was the best overall estimate (see Table 8.7). Thus, the fixed parameters

of the OSHA model are consistent with the mesothelioma experience of the

insulation worker cohorts and with the biological evidence on the mechanisms

underlying the disease.

The variability in risk coefficient estimates from the various cohort studies

of workers exposed to asbestos has yet to be fully explained. At several points

in the preceding sections, it was suggested that there may be a gradient in

carcinogenicity across the different types of asbestos fiber, with the lowest risks

for chrysotile, increased risks for amosite, and the highest risks for crocidolite.

However, the variability in risk coefficients for chrysotile in Tables 2.3 and 2.4

indicates that consideration should also be given to risk gradients according

to the type of industrial process.

OSHA reviewed evidence on risk differentials by asbestos fiber type and

concluded “that epidemiological and animal evidence, taken together, fail to

establish a definitive risk differential for the various types of asbestos fiber”
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(OSHA, 1986, p. 22,628). OSHA further stated that there exists “a clear

relationship between fiber dimension and disease potential” (1986, p. 22,629).

OSHA (1994) reviewed additional evidence relating to its earlier analysis and

determined that it would stand by that analysis. Three reasons were offered:

1. Similar risk potencies for chrysotile and amphiboles were found for both

lung cancer and asbestosis; evidence for lower chrysotile risk was presented

only for mesothelioma.

2. Chrysotile presents a significant risk of cancer, even if it is accepted that

its risk is lower than for amphiboles.

3. Most occupational exposures involve mixed fiber types.

The EPA (1986, p. 106-117) reviewed evidence on the relative carcino-

genicity of different asbestos fiber types. Based on the 14 epidemiological

studies of lung cancer risk identified in Table 2.3, it concluded “that factors

other than mineral types substantially influenced the studies reviewed” (EPA,

1986, p. 108). For example, it was pointed out that chrysotile textile produc-

tion exhibited lung cancer risks significantly larger than chrysotile mining or

friction products manufacturing. Based on the four epidemiological studies of

mesothelioma risk identified in Table 2.4, it concluded “that the same factors

affect the variability of mesothelioma risk as affect lung cancer risk” and “it

appears impossible to separate the effect of mineral type from other factors

contributing to the variability of potency” (EPA, 1986, p. 110).

Using a more extensive set of 41 epidemiological studies, the EPA devel-

oped a series of adjustments that allowed it to compute ratios of pleural and

peritoneal mesothelioma to excess lung cancer incidence in each of the studies.

Assuming that excess lung cancer incidence is a proxy for cumulative asbestos

exposure, the mesothelioma ratios could be interpreted as measures of rela-

tive carcinogenicity of the asbestos fibers in a given study. Several conclusions

were reached (EPA, 1986, p. 114-115):

1. Amphibole exposures produced comparable numbers of pleural and peri-

toneal mesothelioma; chrysotile exposures rarely produced peritoneal

mesothelioma.

2. For pleural mesothelioma, the ratios for chrysotile, amosite, and mixed

exposures were roughly comparable, whereas the ratios for crocidolite were

two to three times greater.

3. For peritoneal mesothelioma, the ratios for pure chrysotile exposures were

significantly lower than for amphiboles or mixed exposures.

4. On average, pure amosite exposure has a risk about twice that of pure

chrysotile exposure, whereas pure crocidolite exposure has a risk about

four times that of pure chrysotile exposure.

5. Within fiber type, significant differences appear to be related to the type

of processing conducted (e.g., chrysotile mining versus textile production;

amosite mining versus insulation manufacturing).
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The EPA (1986, p. 116) considered differences in fiber size distributions

and industrial processes in different work environments to be major factors in

accounting for risk differentials in the various epidemiological studies. This is

consistent with Stanton andWrench (1972), who evaluated the carcinogenicity

of amosite, chrysotile, crocidolite, and other fibers by direct application to the

pleura of 1200 Osborne-Mendel rats and concluded that the carcinogenicity

of asbestos was primarily related to its structural shape rather than to its

physicochemical properties. In contrast to the human epidemiological results

obtained by the EPA (1986), Stanton and Wrench (1972) found that the

incidence of pleural mesothelioma in their experiments on rats did not differ

significantly among the three types of asbestos fiber.

The EPA’s findings (conclusions 1 and 3) that chrysotile exposure rarely

produces peritoneal mesothelioma may explain an anomalous result that is

often cited but never adequately explained — that peritoneal mesothelioma

appears to be associated with heavier cumulative exposure intensities (e.g.,

Lemen et al., 1980; Antman, 1980; Walker, 1982; Browne and Smither, 1983;

Roggli et al., 1987, 1992c). Roggli et al. (1987, 1992c, p. 112) noted that

about 50% of peritoneal cases had concurrent asbestosis compared with 20%

of pleural cases; whereas Roggli et al. (1992b, p. 312) reported a correlation

of 0.46 between asbestosis scores and the lung fiber burden in 36 autopsied

cases. Walker (1982) cited results from 11 epidemiological studies to sup-

port the association of peritoneal mesotheliomas with heavier exposure. Given

both epidemiological and tissue burden evidence, the anomaly is that the rel-

ative amount of peritoneal versus pleural mesothelioma is significantly higher

among females than among males (McDonald and McDonald, 1980; SEER,

2000) — exactly the opposite of what one would expect if the association were

real.

We review Walker’s (1982) evidence in Section 4.4.1, Task 1b where we

find an alternative interpretation of no association to be more plausible. Roggli

et al.’s (1992c) finding of a correlation with asbestosis was based on autop-

sied cases and is subject to three important limitations (Stayner et al., 1996):

(1) Asbestosis is indicative of heavy fiber concentration in the lungs, not the

mesothelium; (2) chrysotile asbestos is cleared more rapidly than the am-

phiboles from the lungs — it differentially migrates to the pleura, frequently

leaving tremolite contaminants in the lungs as the only persistent evidence of

its presence; and (3) the lung tissue fiber distribution at the time of death may

not be representative of the distribution at the time of exposure 20-50 years

earlier. Combined with the finding of higher relative frequencies of peritoneal

mesothelioma for females, these considerations suggest that the alternative

explanation of no association is more plausible.

Evidence in favor of this explanation is provided by comparing the ratios of

male to female counts of peritoneal versus pleural mesothelioma in the SEER

data for 1973-1997 (SEER, 2000): 1.19 versus 4.50. Given that chrysotile

accounts for 90-95% of asbestos consumption in the United States, and that

chrysotile rarely produces peritoneal mesothelioma, one would expect only
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a modest increase in peritoneal cases for males (with ARH ≈ 16%) and a
substantial increase for pleural cases (with ARH ≈ 78%), where the “H”
factor is associated with being male.

Lippmann (1988, 1990) reviewed the literature relating fiber character-

istics to disease in animals and humans in an attempt to establish critical

fiber parameters for the three main asbestos-related diseases: asbestosis, lung

cancer, and mesothelioma. He concluded the following:

1. Asbestosis risk is related to the surface area of asbestos fibers longer than

2µm with diameters in the range 0.15-2.0µm.
2. Lung cancer risk is related to the number of asbestos fibers with lengths

in the range 10-100µm with diameters greater than 0.15µm, especially
diameters in the range 0.3-0.8µm.

3. Mesothelioma risk is related to the number of asbestos fibers with lengths

in the range 5-10µm and diameters less than 0.1µm.

Interestingly, there is no overlap between the mesothelioma and lung can-

cer fiber parameters, with respect to either length or diameter, nor between

mesothelioma and asbestosis, with respect to diameter. These results could

account for variability in the ratios of mesothelioma to excess lung cancer

incidence in the studies reviewed by the EPA (1986). These results could also

account for the variability of risk associated with different industrial processes,

if those processes changed the lengths, diameters, or surface areas of asbestos

fibers. Lippmann (1988, p. 103) noted that the phase-contrast optical method

was recommended for counting fibers with diameters between 0.25 and 3µm.
However, Mossman et al. (1990, p. 299) and Gaensler (1992, p. 234) com-

mented that the phase-contrast microscopy mandated by OSHA (1986, 1994)

actually has a resolution only to 0.5µm, more than three times the lower
bound for diameters of fibers causing asbestosis and lung cancer and more

than five times the upper bound for diameters of fibers causing mesothelioma.

Lippmann (1988, p. 103) noted that fibers with diameters below the resolu-

tion limit cannot be counted using the methods mandated by OSHA (1986,

1994); he recommended electron microscopy or magnetic alignment and light

scattering techniques.

The role of chrysotile asbestos as a causal agent in human mesothelioma

has been challenged. Churg (1988) surveyed the literature on chrysotile-

induced mesotheliomas and concluded that at most 53 cases could be ac-

cepted as valid, and he argued that the causal agent in most chrysotile-

induced mesothelioma was actually tremolite asbestos contaminants. Moss-

man et al. (1990, p. 247) argued that the lower carcinogenicity of chrysotile

combined with the high proportion of chrysotile in asbestos-containing mate-

rials in buildings and schools suggest that most environmental exposures to

asbestos will not lead to asbestos-associated malignancy or functional impair-

ment. Furthermore, they suggested that “exposure to chrysotile at current
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occupational standards does not increase the risk of asbestos-associated dis-

eases” (Mossman et al., 1990, p. 247).

Counterarguments to Mossman et al. (1990) were provided by Nichol-

son (1991) and Dement (1991). Nicholson (1991, p. 82) concluded that there

was “no difference in the potency of chrysotile and amosite for producing

mesothelioma.” He accepted that there was two to three times greater risk

for crocidolite. Dement (1991) compared data on asbestos fiber distributions

in human lung tissues from Quebec chrysotile miners and millers with South

Carolina chrysotile textile workers. These two groups exhibited the largest

risk differentials for lung cancer in Table 2.3. Dement (1991, p. 18) noted

that the South Carolina workers had lower total fiber deposition rates and

lower proportions of tremolite, leading to the conclusion that tremolite was

not the principal causal agent for lung cancer among these chrysotile work-

ers. Rall (1994a, 1994b) and Mossman (1994) continued the debate with a

series of points and counterpoints. Stayner et al. (1996) reviewed lung burden

studies, epidemiologic studies, toxicologic studies, and mechanism studies that

provided evidence on the relative carcinogenicity of chrysotile and amphibole

fibers and concluded that tremolite contamination is not the explanation of

mesothelioma incidence among chrysotile asbestos workers. Smith and Wright

(1996) reviewed evidence from animal and human studies of pleural mesothe-

lioma, including analyses of the asbestos fiber content of pleural tissue, and

concluded that the potency of chrysotile was comparable to that of amosite,

with crocidolite 2-4 times more potent. However, given that chrysotile ac-

counted for about 95% of asbestos usage, they also concluded that chrysotile

was the main cause of pleural mesothelioma in the United States.

Liddell et al. (1997, 1998) and McDonald et al. (1997) completed follow-

up on the cohort of 11,000 Quebec chrysotile miners and millers discussed in

Section 2.3.5. For overall mortality, they concluded that exposure to less than

1000 f-yr/ml was essentially innocuous. For lung cancer and mesothelioma,

analysis of the geographical variation in risk correlated with the geographical

distribution of fibrous tremolite as a contaminant in chrysotile asbestos. This

correlation was investigated further by McDonald and McDonald (1997), who

suggested that the greater durability and biopersistence of amphiboles in lung

tissue may be of critical importance. McDonald (1998) noted that the very

high risk of lung cancer, but not of mesothelioma, among chrysotile textile

workers remains unexplained.

Cullen (1998) attempted to provide some perspective to these divergent

findings. In particular, he noted that the high lung cancer rates among South

Carolina chrysotile textile workers were not explained by the tremolite conta-

mination hypothesis, but, instead, required additional explanation and expli-

cation of the risks associated with fiber length, diameter, and other physical

characteristics.
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2.6 Simian Virus 40 and Mesothelioma

Bocchetta et al. (2000) noted that (1) 5-10% of asbestos workers get mesothe-

lioma, (2) 10-20% of mesotheliomas are not associated with asbestos expo-

sure, and (3) 60% of human mesotheliomas contain simian virus 40 (SV40 — a

macaque polyomavirus that is tumorigenic in rodents and inactivates p53 and

pRb tumor suppressor proteins) DNA fragments. The first point suggested to

them that additional factors may be involved; the second point suggested that

alternative factors may cause mesothelioma; and the third point suggested a

potential causative role for SV40 in mesothelioma development. To test this

latter hypothesis, Bocchetta et al. (2000) conducted a series of in vitro exper-

iments that established that SV40 infection of human mesothelial cells was

different from the lytic pattern seen in almost all other types of cells, that the

difference was related to increased levels of p53 in mesothelial cells, and that

infected mesothelial cells underwent tumorigenic transformation to immortal

phenotype. In addition, they demonstrated that the rate of transformation in-

creased when the cells were exposed to increasing concentrations of crocidolite

asbestos. This led Bocchetta et al. (2000) to conclude that asbestos and SV40

are cocarcinogens in vitro and may be cocarcinogens in vivo. One anomalous

result, however, was the finding that crocidolite alone, without SV40, did not

produce tumorigenic transformations of mesothelial cells in vitro.

Several comments are in order. First, the fact that only 5-10% of asbestos

workers get mesothelioma does not mean that additional factors must be in-

volved. Under the multistage model of carcinogenesis, the tumor develops only

after several tumorigenic transformations have occurred. Hahn et al. (1999)

argued that changes are needed in at least four distinct intracellular signaling

pathways and cited SV40 large tumor antigen, oncogenic ras, and the cat-

alytic subunit of human telomerase as candidates for study. The identity of

the fourth pathway was left unspecified, except that it was related to some

fundamental difference in the biology of rodent and human cells. The plausi-

bility of this conjecture was boosted by Killian et al. (2001), who found that

primates have two functional copies of the IGF2R tumor suppressor gene,

whereas virtually all nonprimate mammals (including rodents) have only one

functional copy due to a process of “genomic imprinting.” Damage to the

IGF2R gene is associated with cancer development at multple sites. Humans,

however, would need one additional tumorigenic transformation (to the sec-

ond copy of the IGF2R gene) to reach an equivalent stage to that of rodents

undergoing tumor development. Thus, Hahn et al.’s (1999) argument appears

credible. Furthermore, the identification of four stages in the process of car-

cinogenesis is significant for our modeling effort because that number exactly

matches the number of stages implied by the OSHA model of mesothelioma

mortality in Section 2.3 (assuming a 10-year latency period).

Nonetheless, this does not mean that Hahn’s model is the only mecha-

nism underlying mesothelioma. Murthy and Testa (1999) identified a range of

possible pathways to mesothelioma, including mutational deletions on chro-
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mosomes 1p, 3p, 6q, 9p, 13q, 15q, and 22q. Gene IGF2R is on chromosome

6q at a site adjacent to the deletions noted by Murthy and Testa (1999).

Murthy and Testa (1999) concluded that multiple tumor suppressor genes are

lost or inactivated in mesothelioma but that it was not currently possible to

determine their identity or sequence.

Second, the fact that 10-20% of mesotheliomas are not associated with

asbestos exposure means that the attributable risk (AR) for asbestos is in the
range 80-90%. The attributable risk among exposed workers (ARH) could be
substantially higher (e.g., 99% or more). Thus, the fraction of cases among

exposed workers not due to asbestos must be on the order of 1% or less and

it would be difficult to segregate these cases for separate treatment in our

models.

In addition, the meaning of the term “asbestos exposure” varies from one

study to the next. Generally, the term includes occupational exposures; it

may also include environmental exposures, some of which are known and doc-

umentable, with others unknown and undocumentable. Roggli et al. (1992b,

p. 316) estimated the distribution of asbestos-body (coated asbestos fibers)

counts from the lungs of 100 mesothelioma patients and found a bimodal dis-

tribution, with about 25% of cases overlapping the general population with

a mean value approximately 1/1000 that of the high-count group. The ratio

1/1000 is consistent with estimates of environmental exposures for the general

population (EPA, 1986, p. 162). The distribution for the general population

had a mean of about 1.6 asbestos-bodies per gram of wet lung tissue, sug-

gesting that there is a significant amount of asbestos fibers in the lungs of

“nonexposed” persons. Consequently, it may be impossible to rule out as-

bestos as a causative agent in any mesothelioma.

Third, the finding that 60% of human mesotheliomas contain SV40 DNA

fragments is somewhat tentative. Butel and Lednicky (1999, p. 128) noted

that the 60% figure is the median of seven published estimates ranging from

0% to 86%, with a pooled mean of 48% (= 95/196). However, the 0% estimate
was obtained in the largest data series with 50 tumors tested. Pilatte et al.

(2000) tested six mesothelioma cell lines and found no evidence of SV40 DNA.

However, they did find that commercially available mouse monoclonal anti-

bodies are contaminated with a 90kDa protein of similar size to SV40 large
tumor antigen and this may lead to false-positive results in some test series.

Butel and Lednicky (1999) reviewed the evidence on the cellular and mole-

cular biology of SV40, noting that it is tumorigenic in rodents, that it is po-

tentially tumorigenic in humans, and that it may have been a contaminant in

polio vaccines given to 10-30 million children vaccinated in the United States

between 1955 and 1963.

Strickler et al. (1998) used SEER data 1973-1993, Connecticut Tumor Reg-

istry data 1950-1969, and national mortality statistics 1947-1973 to evaluate

cohort differentials in relative risks for three types of cancers linked to SV40

— mesothelioma, osteosarcoma, and ependymomas. No evidence of increased

risk for cohorts exposed to SV40 via polio vaccinations was found. The pos-
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sibility of effects becoming manifest in future years was recognized, but at

least through 1993, no effect was detected. More recent data for 1994-1997

(SEER, 2000) indicate that the annual numbers of mesothelioma deaths have

plateaued or declined slightly since reaching a peak in 1992, a pattern consis-

tent with the diminution of asbestos exposure beginning in the early 1970s. To

indicate the potential size of the effect, we considered the SEER (2000) report

of the number of mesotheliomas in 1997 for the age group 45-49, the cohort

identified by Strickler et al. (1998) as the group at highest risk of SV40 expo-

sure. In total, there were seven mesothelioma cases (three males, four females)

in the SEER data approximately 34-42 years after SV40 exposure. Five years

earlier, there were four mesothelioma cases in the SEER data for this cohort.

SEER represents about 10% of the U.S. cases, so that the national incidence

in 1992 and 1997 was about 40 and 70 cases, respectively. These estimates do

not support the hypothesis that SV40 exposure will result in large numbers

of new mesothelioma cases.

The SEER (2000) data indicate that the male/female ratio of mesothe-

lioma cases continues at about 3.5 to 1 — consistent with the hypothesis that

the main cause is occupational exposure to asbestos. This ratio is consis-

tent with attributable risks (AR) of 80% for males and 30% for females for

asbestos-induced mesothelioma, which compares well with estimates of 85%

and 23%, respectively, from Spirtas et al. (1994).

Fourth, the finding that crocidolite asbestos does not produce tumori-

genic transformations of mesothelia cells in vitro, combined with the strong

in vitro effect of SV40, must be interpreted in the context of the overwhelm-

ing amount of epidemiologic evidence in support of an asbestos effect and the

lack of similar evidence for an SV40 effect on human mesothelioma incidence.

Bocchetta et al. (2000) speculated that asbestos, in vivo, may act as an im-

munosuppressant that permits the SV40 infection to proceed without cell lysis

in mesothelioma cells. Alternatively, asbestos may induce the production of

oxygen free radicals that lead to gene alterations and carcinogenesis in vivo.

Klein (2000) commented that both alternatives are possible mechanisms that

should be further studied, but that the results to date do not prove that SV40

has a causative role in human mesothelioma.

We observe that neither mechanism nor the in vitro experiments con-

ducted by Bocchetta et al. (2000) is consistent with the hypothesis that the

simple physical presence of asbestos fibers in contact with mesothelial cells is

sufficient to induce tumorigenic transformations. There is a large and grow-

ing literature on the molecular biology of asbestos-induced fibrogenesis and

carcinogenesis that suggests a complex series of pathways through which the

health effects of asbestos are mediated. Kamp and Weitzman (1999) reviewed

this literature and concluded that free radicals, especially the iron-catalyzed

hydroxyl radical and reactive nitrogen species, are important mediators of

asbestos genotoxicity. They noted, however, that the precise mechanisms by

which asbestos leads to DNA damage, disrupted signaling mechanisms, al-
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tered gene expression, mutagenicity, apoptosis, and altered immune responses

are not firmly established.

Jaurand (1997) reviewed the literature on asbestos-induced genotoxicity

and concluded that the mechanisms depended jointly on the fiber dimensions

(length, diameter, and aspect ratio), its chemical composition, and the cell

environment, with a critical role assigned to the process of phagocytosis.

Mossman and Churg (1998) reviewed the literature on asbestos-induced

fibrogenesis, including lung burden studies, again finding a critical role for

phagocytosis, with the fiber dimensions and chemical composition governing

the cellular reactions. Additional details are provided in Robeldo and Moss-

man (1999).
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Forecasts Based on Direct Estimates of

Exposure

3.1 Introduction

This chapter provides a broad overview of the models used by Selikoff (1981,

1982) and his collaborators in making direct estimates of past occupational

exposure to asbestos and in projecting the current and future numbers of

workers with various asbestos-related diseases (mesothelioma, lung cancer,

and other cancers). Following this overview, we review in detail the methods

and assumptions used by Selikoff (1981, 1982) in generating his forecasts and

then discuss the sensitivity of these forecasts to various assumptions. The

chapter concludes with a brief review of alternative projections of the impact

of asbestos-related diseases.

3.2 Selikoff’s Study: General Description

Selikoff (1981, 1982) estimated the size and composition of the asbestos-

exposed labor force directly from labor force data. These estimates were in-

dependent of estimates of risk levels and disease incidence. The labor force

estimates, specific to industrial and occupational categories, were applied to

risk measures developed from a variety of case-control and cohort studies of

the cancer risks of occupational exposure to asbestos. No effort was made

to apportion health effects on the basis of inferred exposure levels. Expo-

sure, to the degree it was represented in these projections, was represented by

the stratification of the exposed labor force into occupational and industrial

categories.

3.2.1 Data

Selikoff (1981, 1982) used three types of data. The first type of data was

derived from government statistics on the structure and size of the U.S. la-

bor force. Selikoff used Bureau of Labor Statistics (BLS) data to generate

61
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estimates of the labor force specific to occupation, industry, and date of em-

ployment. These data were adjusted by rates of job turnover derived from

the Social Security Administration’s (SSA) Continuous Work History Survey

(CWHS).

The second type of data was derived from case-control and cohort studies

of groups of workers exposed to asbestos. Selikoff used this type of data to

develop direct estimates of typical exposure levels within industrial and occu-

pational classifications and to derive indices of disease risk and dose-response

from a wide range of studies.

The third type of data describes compensation patterns and tort litigation

of the insulation worker cohort. These data provide insight into behavioral

aspects of the decision to file suit. However, because they did not figure in

Selikoff’s disease-specific projections, we do not discuss these data further.

3.2.2 Model and Methods

The logic of Selikoff’s projections differs from that used by Walker (see Chap-

ters 4 and 5 for details). Selikoff used much more information on the structure

of the exposed labor force, whereas Walker (1982) relied on a specific mathe-

matical model of the disease mechanism (Peto et al., 1982) and epidemiological

data (e.g., McDonald and McDonald, 1980) to infer many of the features of

the exposed labor force. Selikoff’s (1981, 1982) projection methodology is log-

ically simpler, but Selikoff needed to make a number of specific assumptions

about exposure levels in specific occupations. Thus, the simplicity of the pro-

jection model was, to a degree, offset by the complexity of assumptions made

about data.

3.3 Selikoff’s Six Tasks

Selikoff’s (1981, 1982) methodology was complex. We will organize our review

into a discussion of the six tasks necessary to carry out his projections. The

first task involved an evaluation of data on the typical levels of asbestos ex-

posure found in specific industries and occupations. The second task involved

developing a model to estimate the turnover of the workforce in specific occu-

pations and industries to determine the total number, timing, and duration of

employment of exposed workers. The third task involved reviewing evidence

from case-control and cohort studies to determine the level of cancer risks for

specific occupational and industrial groups. The fourth task involved an assess-

ment of two models for projecting the age, date, and exposure-duration specific

health effects of occupational exposure to asbestos. Because Selikoff assumed

that mesothelioma is so rare that there is virtually no nonasbestos-related

incidence among occupationally exposed workers (equivalently, ARH ≈ 1.0),
one projection model, based on absolute risks, was developed for mesothe-

lioma and another, based on relative risks, for all other tumor types. The fifth
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task involved the computation of Selikoff’s projections and the presentation of

results. The sixth task involved simple strategies to project estimates of death

due to asbestosis. Although asbestosis was a major component of Walker’s

projections, relatively little effort was expended by Selikoff on the asbestosis

mortality projections.

3.3.1 Task 1: Identify the Industries and Occupations Where

Asbestos Exposure Took Place

The first task Selikoff faced was to identify industrial categories [using Stan-

dard Industrial Classification (SIC) codes] where asbestos exposure occurred

and, where possible, to identify typical exposure levels. In this examination,

mining and milling workers were not included due to the relatively small (600)

numbers of such workers. Selikoff identified 11 industrial or occupational cate-

gories whose workers likely had significant exposure to asbestos. These groups

were identified on the basis of the following:

1. A qualitative evaluation of work tasks involving asbestos

2. Studies of direct and indirect exposure to asbestos in the workplace yield-

ing quantitative measurements of the intensity of exposure

3. Evidence of increased risk of asbestos-related disease (e.g., mesothelioma)

4. “Subjective” judgments

The extensive use of subjective estimates and assumptions in Selikoff’s

review of occupational and industrial categories should be emphasized.

3.3.1a Primary asbestos manufacturing

Three major industrial groups were identified in the primary manufacturing

sectors using information from sources such as the Asbestos Information As-

sociation (AIA).

First, the asbestos products industry (SIC 3292) produced a wide range of

materials involving asbestos. For this group, it was possible to characterize

early exposure levels on the order of 25 to 35 f/ml. More recent exposures (e.g.,

in 1975) were much lower (e.g., 1.5 to 4.0 f/ml). Within this category, all pro-

duction and maintenance workers were assumed at risk. The information on

exposure, although often taken from data and provided in quantitative terms,

was based on a few studies. Furthermore, subjective assessments of exposure

patterns and levels were often used. One major problem was that individual

exposures to asbestos often were characterized on the basis of industrywide

measures. This produced crude approximations of the actual exposures of any

given individual.

The second group of workers was employed in the gaskets, packing, and

sealing devices industry (SIC 3293). Prior to 1972, asbestos was the predomi-

nant raw material. The industrial classification was expanded in 1972 so that
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after that date, it was assumed that only half of the workers in this category

worked with asbestos. Thus in the projections all workers up to 1972 were

counted as exposed, and after 1972, only half were.

The third group of workers was employed in building paper and build-

ing board mills (SIC 2661). Because about half of the workers in 1972 were

employed in plants where asbestos was the raw material, half of the produc-

tion and maintenance workers in this group were assumed to be exposed to

asbestos.

For primary manufacturing industries, quantitative measures of exposure

were available in the Asbestos Information Association-Weston Report (Daly

et al., 1976). This report contained information on the range and typical levels

of exposure in various industrial components in 1975. The typical exposure in

such industries varied from 0.5 to 4.0 f/ml.

3.3.1b Secondary asbestos manufacturing

A second major component of asbestos exposure was in industries involving

secondary manufacture of asbestos products (i.e., industries where asbestos

products were used in the manufacture of other products). There were four

major secondary manufacturing categories. The first, heating equipment — ex-

cept electric and warm air furnaces (SIC 3433), produced such devices as

boilers and heating furnaces, which were often constructed using asbestos.

One-half of production and maintenance employees were assumed to be in

the population at risk. Fabricated plate workers (Boiler Shops) (SIC 3443)

were assumed to have half of their production and maintenance employees at

risk. In the industrial process furnaces and ovens (SIC 3567) group, it was

assumed that all production and maintenance employees were exposed. For

electric housewares and fans (SIC 3634), it was assumed that 10% of the

production and maintenance employees were at risk.

Although asbestos was used in a variety of other secondary manufacturing

industries, it was impossible for Selikoff to estimate the number of exposed

individuals in all secondary manufacturing using BLS data. In order to assess

the estimates obtained from the four secondary manufacturing categories,

Selikoff compared those numbers with estimates obtained by AIA-Weston

(Daly et al., 1976) for the asbestos industry.

AIA-Weston categorized the secondary manufacturing industries in 1975

according to the primary source of asbestos materials used therein: asbestos

paper (158,400 employees), friction products (27,600 employees), asbestos ce-

ment sheets (19,200), gaskets and packings (12,000), reinforced plastics (8400),

asbestos textiles (6000), and other miscellaneous sources (8400). In total, AIA-

Weston estimated that there were 240,000 persons exposed in secondary man-

ufacturing in 1975 compared to Selikoff’s estimate of only 38,000 for the 4

industries (i.e., SIC 3433, 3443, 3567, and 3634). It appears that Selikoff’s

and AIA-Weston’s definitions of primary and secondary manufacturing dif-

fered because, in the industry analyses, only 23,000 were exposed in primary
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manufacturing as opposed to Selikoff’s estimate of 31,000. The inconsistencies

for secondary manufacturing were not directly resolvable (with the asbestos

industry’s figures much higher). As a compromise (based on the assumption

that it was “unlikely” that 158,000 employees would have had significant ex-

posure in the manufacture of products containing asbestos paper and with

the number of other categories appearing “reasonable”), Selikoff selected “a

number equal to twice the four groups specified by SIC numbers” as his esti-

mate of workers involved in the secondary manufacture of asbestos: 76,000 in

1975.

As for primary manufacturing, an effort was made to determine typical

asbestos exposure levels in secondary manufacturing. Only data on fiber con-

centrations in later years were available, and these data were from industry

sources. These data suggested levels of exposure ranging from 0.2 to 6.5 f/ml

in secondary manufacturing.

3.3.1c Shipbuilding and repair

Another industrial category with significant exposure to asbestos was ship-

building and repair (SIC 3731). No direct measurements of the level of as-

bestos exposure could be determined for shipyard workers. As a consequence,

Selikoff’s rationale for including this group in the exposed workers category

was twofold. First, the importance of asbestos in the shipbuilding process was

argued by Selikoff to be well known. Second, there were many studies of ship-

yard workers (e.g., Tagnon et al., 1980) which demonstrated elevated mesothe-

lioma risks even when exposure was intermittent or indirect. All production

and maintenance employees of private and naval shipyards were included in

the estimates of the number of exposed shipyard workers. Estimates for naval

shipyards came from the U.S. Department of the Navy.

3.3.1d Construction

Construction industries accounted for 70-80% of the U.S. consumption of as-

bestos fiber. Based on this high level of consumption of asbestos, Selikoff

assumed that many construction workers would have significant levels of ex-

posure. Industrial categories which Selikoff judged to have significant asbestos

exposure included general contractors for multifamily residential buildings

(SIC 1522), general contractors for nonresidential buildings (SIC 154), wa-

ter, sewer, pipe line, communication, and power line construction (SIC 1623),

and special trade contractors (all workers in SIC 17 except 1771, 1781, 1791,

1794, and 1796).

The primary sources of direct exposures included installation and removal

of asbestos-cement pipes, asbestos-cement sheets, architectural panels, built-

up roofing, asbestos drywall, and asbestos roofing felts, asbestos insulation of

pipes, tubings, heating units, and generators, and use of asbestos-containing
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paints, coatings, and sealants. In addition to direct exposure to building prod-

ucts, significant exposure was felt to exist from the practice (1958-1972) of

spraying asbestos insulation. Selikoff felt that such spraying could increase the

risk for all workers on a construction site.

For workers in the SIC codes involved in the construction industry, Selikoff

attempted to analyze the extent and level of exposure using a variety of in-

sights about the use of asbestos in specific construction tasks, limited exposure

measurements, and the occurrence of mesothelioma as prima facie evidence of

asbestos exposure among potentially exposed workers. For example, Selikoff

assumed that all construction workers in SIC 1522 and 154 should be included

in the at-risk group. Because 30% of the water distribution pipe sold in the

United States in 1974 was made of asbestos cement, it was assumed that 30%

of the workers in SIC 1623 were exposed. In addition, 5% of the workers in

SIC 16 (construction other than building construction) were argued to be ex-

posed through working on the brakes of heavy construction equipment. All

workers in SIC 171 [plumbing, heating (except electrical), and air condition-

ing ] and 172 (painting, paperhanging, and decorating) were assumed to have

been exposed. For SIC 172, studies were cited of exposure of drywall taping

workers employed in New York City with exposures ranging from 5.3 to 47.2

f/ml for various operations. Selikoff argued that other construction workers

had a significant indirect exposure to asbestos dust from those operations.

For the remainder of SIC 17 (except the five excluded groups), he argued that

the proportion exposed was 50% during 1958-1972 and 20% during 1940-1957

and 1973-1979.

3.3.1e Utility services

Selikoff also identified workers in electric, gas, and combination utility ser-

vices (SIC 491, 492, and 493) as having significant exposure to asbestos. To

substantiate this claim, he cited English and French studies of elevated risks

of asbestos-related disease among persons engaged in maintenance work at

power stations. Consequently, 25% of physical workers in electric and gas

utilities were included in the population at risk to asbestos-related disease.

3.3.1f Selected occupational categories

In addition to identifying asbestos exposure by industrial groups, Selikoff ar-

gued that there were occupational groups with significant asbestos exposure

not included in the above-discussed industrial groupings (i.e., primary and

secondary asbestos manufacturing, shipbuilding and repair, construction, and

utility workers). The industry-based estimates were augmented (after elimi-

nations for double counting) by six specific occupational groups at risk:

1. Asbestos and insulation workers — evidenced by both elevated disease risks

and measurements of high dust concentrations for certain activities
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2. Automobile body repairers and mechanics — evidenced by both measure-

ments of asbestos exposure and radiological evidence of abnormalities

compared to blue collar controls

3. Engine room personnel, seagoing vessels, U.S. Merchant Marine — ev-

idenced by X-ray films showing a high proportion (16-20%) of pleural

abnormalities among merchant marine engineers

4. Maintenance employees: chemical and petroleum manufacturing (includ-

ing all maintenance workers in SIC 28 and 29) — evidenced by chest X-ray

abnormalities among petroleum and chemical maintenance workers

5. Steam locomotive repair employees — evidenced by mesothelioma among

such workers; all employees of railroad repair “back shops” are included

for the 1940s and, for the 1950s, the annual number of workers was held

proportional to the ratio of steam to the total of steam and nonsteam

locomotives in service

6. Stationary engineers, stationary firemen, and power station operators —

evidenced by a high proportion (60%) of chest X-ray abnormalities among

a sample of 34 stationary engineers with over 20 years experience in this

trade

3.3.2 Task 2: Estimate the Number, Timing, and Duration of

Employment of Exposed Workers

Beyond identifying 11 occupational and industrial categories in which workers

were likely to be exposed to asbestos, Selikoff (1981, 1982) aimed to project

the future health consequences of this exposure. To make these projections,

one, ideally, would want three types of information:

1. The numbers of workers in each category

2. The distribution of employment periods

3. The times, durations, and intensities of exposure

Selikoff pointed out that, in most cases, such data do not exist. Partial data

existed, but, even in these cases, the quality and coverage varied by occupa-

tion and industry. The best data available were for primary asbestos manufac-

turing, shipbuilding, automobile repair, and insulation work. Poorer-quality

data were available for secondary asbestos manufacturing, construction, and

the maintenance industries.

To make up for the lack of information, Selikoff assumed, first, that the

increase in disease due to occupational exposure to asbestos could be described

accurately by a linear dose-response function. If this assumption were valid,

the projections would not be adversely affected by certain types of error in

estimating the size of the exposed population and the duration of exposure.

Second, Selikoff developed a model of the turnover of workers in specific job

categories to estimate the total numbers of persons who were newly employed

over various periods of time. A model of the workforce was developed using a

steady-state assumption.
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3.3.2a Task 2a: Workforce turnover model

Specifically, if N is the number of workers in an industry or occupation, α

is the annual fraction of new workers (i.e., NNEW/N), and β is the annual

fraction permanently leaving the occupation or industry, the change with time

of the workforce (dN) is

dN = N(α− β)dt.

For small changes in N (i.e., |∆N | < 0.05N, where ∆N is the net increase

or decrease in the number of workers), this may be well approximated by

N = N0 exp[(α− β)t].

At steady state, the number of workers entering a job category equals the

number leaving (i.e., α = β) and the average duration of employment is 1/α
or 1/β.
The equations are slightly different when considering finite changes over a

fixed interval (e.g., a year). The change over a year can be expressed as

∆N = (α− β)N.

This may be written as

α = β + (∆N/N).

Let T be the time necessary to add N new workers to the workforce under

steady-state conditions (i.e., α = β); then,

N = αNT,

implying T = 1/α, as expected from the continuous change model.

Selikoff used this model of labor force turnover to generate estimates of

excess mortality from past occupational exposure to asbestos. The excess mor-

tality during a decade, say Mt, among a group of persons newly employed in

a job category with asbestos exposure is proportional to the number of new

hires, αN , multiplied by the average duration of their employment T, or

Mt ∝ αNT.

Because under steady-state conditions, the average duration of employment

is 1/α, the equation may be written

Mt = KN.

The proportionality constant, K, includes the appropriate risk and exposure

variables for the industry. Thus, if the workforce is in a steady state (α = β),

then excess mortality can be simply estimated if the number (N) employed

in that industry and the associated risk parameter (K) are known. Clearly, if

the workforce is not in a steady state (i.e., α 6= β), then information on both

new hires and job separation is required.
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3.3.2b Task 2b: Workforce exposure estimates

To use the model of workforce turnover to estimate excess mortality, it is

necessary to assess the size (N) and rate of turnover (i.e., α and β) of the

asbestos-exposed workforce. The primary data employed by Selikoff for this

task were BLS data on annual employment and earnings in the United States.

1909-1978 in (a) primary manufacturing, (b) select secondary asbestos man-

ufacturing, (c) construction, (d) electric, gas, and utility services, and (e)

chemical and oil refining employees. The specific segments of these industries

employed, estimates of proportions exposed, and exposure levels were dis-

cussed in Task 1. Data on stationary engineers and firemen were also derived

from BLS sources. Sources other than the BLS were required for (a) insula-

tion work, (b) shipbuilding and repair, (c) automobile maintenance and repair,

(d) railroad steam locomotive repair, and (e) merchant marine engine room

work. These included unions, trade associations, the U.S. Navy, and other gov-

ernment sources. The data assembled for the set of 11 industry/occupation

categories were judged by Selikoff to be “stable” 1950-1980 and to accurately

reflect employment and its change with time (exception: shipbuilding 1948-

1952 averaging 189,000 was estimated to be 128,000 in 1950).

Two adjustments had to be made to BLS figures to obtain estimates of the

size of the exposed worker population over the period 1940-1979. First, data

for some industries do not extend as far back as 1940. In these cases, either (a)

BLS series were extrapolated back to 1940 using regressions of the available

data on related variables (i.e., numbers of workers in related categories; see

Selikoff, 1981, p. 109, Table 2-2) or (b) a straight-line trend was assumed

between a census of manufacturing (1939) or census of population (1940) and

the earliest year of the relevant BLS series.

Second, there were problems in estimating the rates of turnover (i.e., α and

β) in various industries. For example, for some industries, the available BLS

information gives fractions of accessions and separations for given calendar

periods subsequent to 1958 for individual establishments. These data may

not represent new hires for the industry as a whole (i.e., the numbers of

persons who were employed in the industry for the first time). This is especially

serious for the construction industry, for which there was a great potential for

overestimating the numbers of persons exposed in that industry by treating

each accession as a new hire.

To eliminate the problem of duplicate person counts, the numbers of new

hires for major industry groups were compared with data from the Continuous

Work History Survey (CWHS) of the Social Security Administration (SSA) for

the period 1957-1960 (1957 is the first year for which industrial classifications

were available in the CWHS). For major industry groups, information was

obtained on the number of persons employed in 1960 who were employed in

the same industry in 1957. This permitted the calculation of an annual transfer

rate from one industry group to another (but not between industries within

a group). BLS statistics on permanent retirement or death for each industry
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were also available. In steady state, the SSA separation rate, plus retirements

or deaths, would equal the new-hire rate. The SSA data were compared with

the annual rate of new hires from the BLS data for 1958-1960 corrected by the

increase/decrease in the workforce size over the 3-year period (such changes,

all less than 10%, were attributed to new hires).

In comparing SSA and BLS data, Selikoff found that the fractional gains

in the chemical industry and oil refinery operations (0.166 and 0.132, respec-

tively) were close to the number of transfers from the nondurable goods indus-

try (0.111). For these industries, the BLS data on new hires in SIC 28 or 29

were used, but were reduced by 30% to reflect internal transfers. For primary

and secondary manufacturing, less transfer was expected between companies,

so a figure 80% of that in the BLS data was adopted. For shipyard workers,

rehires at another shipyard were expected to be greater, so a rate equal to 50%

of the BLS new-hire rate for SIC 3831 was assumed (0.216). For construction

trades (except insulation workers), stationary engineers and firemen, and au-

tomobile mechanics, the SSA rates were accepted directly. For utilities, the

SSA rate was increased by 50%. For insulation workers, the new-hire rate was

based on union membership. For nonunion workers, the union hire rate was

multiplied by 0.8 for permit workers, by 2.0 for nonunion new hires, and by

1.2 for nonconstruction insulators. Selikoff did not offer a detailed rationale

for each of these seemingly arguable adjustments.

Selikoff developed several additional adjustments in response to limita-

tions in BLS data. For example, BLS data on shipbuilding and repair referred

only to civilian shipyards. Data on naval shipyards were obtained through the

U.S. Navy. It was estimated that 4.3 million men worked in shipyards for a

short period of time during World War II, whereas the 1945 estimate of the

permanent workforce was 175,000 men. Risks for these WWII workers and

for 9000 shipyard insulators were handled separately from other data. Also,

because it was not possible to isolate automobile mechanics in SIC 75, SIC

515-2, and SIC 554, census data (and intercensal interpolations) were em-

ployed. Finally, employment data reported by the Association of American

Railroads were used to estimate exposures to asbestos during railroad steam

locomotive repairs. Adjustments to these data included reductions of 45% of

men in equipment and stores to exclude carmen, 50% of the residual number

to exclude maintenance workers not employed at “back shops,” and 11% of

the balance to exclude salaried supervisors, coach cleaners, and store laborers.

The estimates of workforce turnover were clearly based on many subjective

assumptions. Selikoff cautioned about the lack of precision of these estimates.

Selikoff argued, however, that (under a linear dose-response relationship) dif-

ferences in the estimated numbers of workers exposed would not materially

affect his mortality estimates. This was because a misestimate of the new-

hire rate could be balanced by a compensatory change in the estimate of

employment duration. Having used actual labor force data, Selikoff was not

required to deal with artificial “worker equivalents,” as was Walker (1982; see

Chapter 4).
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The estimated annual new-hire rates were applied to annual employment

data for each occupation or industry to produce estimates of the numbers

of new persons exposed to asbestos each year. Data were then accumulated

for each decade since 1940. In industries with workers already included in an

occupational group, adjustments were made to employment and new-hire data

to eliminate duplication by developing adjustment factors based on the BLS

National Industry-Occupation Matrix for asbestos and insulation workers and

the 1970 Census of Population for stationary engineers, firemen, and power

station operators. No adjustment was necessary for automobile mechanics.

Furthermore, an adjustment was used to eliminate double counting of

workers hired since 1940 who previously had asbestos exposure. The adjust-

ment factor was derived from a group of 2544 persons (Selikoff, 1981, p. 79)

identified in five studies conducted by the Mt. Sinai Laboratory of operations

with identifiable asbestos exposure. The net impact of the adjustment was to

reduce the estimate of the exposed population by 10%. This 10% reduction in

the number of persons exposed to asbestos was compensated for, under the

workforce turnover model, by a 10% increase in duration. Selikoff conceded

that the uncertainties in either the estimated size of the exposed population,

or in the duration of exposure, probably “greatly” exceed 10%.

Selikoff estimated that 27.5 million persons suffered occupational exposure

to asbestos in the 40-year period 1940-1979; 26.0 million were new entrants

to the asbestos workforce. Selikoff argued that many of these persons were

probably exposed to relatively low levels of asbestos.

From the above data and estimates, using the workforce turnover model,

Selikoff (1981, p. 121, Table 2-13) calculated average exposure durations by

decade during 1940-1979 from the fractional new-hire rates (i.e., α) adjusted

by changes in total workforce at different periods in time (i.e., to adjust for α

6= β). The results for 1950-1969 are used in Chapter 8 in our hybrid projection

model (see Table 8.8).

3.3.3 Task 3: Estimate Risk Differentials Among Occupations and

Industries

To estimate asbestos-related cancer mortality in an industry or occupation

using the workforce turnover model, it is necessary to estimate K (i.e., the

risk parameter for that job category). Because of the lack of actual exposure

data for each industry or occupation group, measures of relative risk were

employed. Specifically, the ratio of the mortality risks for each industry or

occupation relative to the mortality risks of insulation workers (for equal times

of employment) were estimated using one of three types of data:

1. Mortality data

2. Directly measured average asbestos exposure data

3. Prevalence data on X-ray abnormalities after long-term employment
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Relative Source of

Occupation or Industry Risk Data for Estimate

Primary Manufacturing 1.00 Mortality, Exposure
Secondary Manufacturing 0.50 Exposure
Insulation Work 1.00 Reference Population
Shipbuilding and Repair (excluding insulation) 0.50 Mortality, X-Ray
Construction Trades (excluding insulation)*      0.15–0.25** Mesothelioma
Railroad Engine Repair 0.20 Mesothelioma
Utility Services 0.30 Mesothelioma
Stationary Engineers and Firemen 0.15 X-Ray
Chemical Plant and Refinery Maintenance 0.15 X-Ray, Mortality
Automobile Maintenance 0.04 X-Ray, Exposure
Marine Engine Room Personnel (excluding 0.10 X-Ray
   U.S. Navy)

*See text for percentage of construction population considered at risk.
**Risk for years 1958-1972 when the use of sprayed asbestos-fireproofing was common.

Mortality = Group mortality data
Exposure = Exposure measurements

X-Ray = Prevalence of X-ray abnormalities
Mesothelioma = Number of mesothelioma cases in general population

Source:  Selikoff (1981, Table 2-16).

Table 3.1:  Risk of Asbestos-Related Cancer Relative to That of Insulation Workers After 
Twenty-Five Years of Employment

To use the third option to develop a relative risk, Selikoff assumed that the

percentage of X-ray abnormalities manifest by workers in a particular job

category after 20 years of employment was proportional to the total asbestos

dose. For industries for which none of these measures was available, relative

risks were ascertained from the number of mesothelioma cases identified in

McDonald and McDonald’s (1980) survey.

From the four sources of data, Selikoff (1981, 1982) calculated a table

(Table 3.1) of occupation or industrial relative risks with insulation workers

having a relative risk of 1.0.

The relative risks for different job categories varied greatly, from 1.0 for

primary manufacturing to 0.04 for automobile maintenance. Selikoff warned

that the data used to derive the relative risk estimates were quite limited.

The Occupational Safety and Health Administration (OSHA) has regu-

lated asbestos since 1971. In 1971, the 8-hour time-weighted average permis-

sible exposure limit was set at 5 f/ml. This limit was reduced to 2 f/ml in

1976, to 0.2 f/ml in 1986, and to 0.1 f/ml in 1995. To reflect the initial re-

ductions in exposure, Selikoff (1981, 1982) assumed that the relative risks for

manufacturing, insulation work, shipbuilding, and utility employment were



3.3 Selikoff ’s Six Tasks 73

reduced to 0.1 for the period 1972-1979. For other groups (except automobile

maintenance), the relative risks were assumed to drop to 0.05. Occupational

exposures after 1979 were assumed to be negligible.

To assess the reasonableness of his relative risk estimates, Selikoff com-

pared figures in Table 3.1 with estimates for selected occupations made in

McDonald and McDonald’s (1980) case-control studies. Selikoff argued that

the relative risks in Table 3.1 are virtually identical to McDonald and Mc-

Donald’s estimates. Specifically, McDonald and McDonald found relative risks

(compared to unexposed persons) of 46.0 for insulation work, 6.1 for manufac-

turing, 4.4 for heating trades (utility services), 2.8 for shipyard employment,

and 2.6 for construction. For comparison, Selikoff multiplied the relative risks

reported in Table 3.1 (assuming an average risk of 0.65 for manufacturing)

by the average duration of employment for workers in those categories from

1940 to 1969 (i.e., 13.2, 2.0, 4.7, 1.9, and 6.4 years, respectively). The values

obtained for construction workers were divided by 2 because only 50% of con-

struction workers were assumed to be exposed to asbestos. The calculations

produced the values, after rounding, 13.2, 1.3, 1.4, 0.95, and 0.5, respectively.

By norming these figures to the relative risk of 46.0 obtained for insulators

(i.e., multiplying by 46/13.2), Selikoff could compare them with McDonald

and McDonald’s estimates. The values for insulation workers were not infor-

mative because they were forced to be equal. However, the relative risks of 4.6,

4.9, 3.3, and 1.8 could be compared with McDonald and McDonald’s estimates

of 6.1, 4.4, 2.8, and 2.6, respectively. McDonald and McDonald (1980) did not

provide standard errors for these relative risks. However, their relative risks

were actually odds ratios, so their standard errors are estimable from Fleiss

(1981, p. 63, Eq. 5.19)

SE(OR) = OR×
·
1

n11
+

1

n12
+

1

n21
+

1

n22

¸1/2
,

where n11, n12, n21, and n22 are the four counts involved in the odds ratio (see

Section 2.2.1). For the four values being compared (i.e., 6.1, 4.4, 2.8, and 2.6),

the standard errors are 2.7, 1.1, 1.0, and 0.7, respectively. Thus, three of the

four values estimated by Selikoff are within one standard error of McDonald

and McDonald’s estimates. The figures from the two sources, although close,

are not “virtually identical.”

With relative risk estimates in hand for the 11 occupation/industry groups,

Selikoff estimated what fraction of the estimated 27.5 million exposed workers

had lower exposure and what fraction had heavier exposure. With the OSHA

permissible exposure limit at 2 f/ml in 1976-1986, Selikoff chose a cumulative

dose of 2 f-yr/ml as the cutoff between lower and heavier exposure. With the

current OSHA permissible exposure limit at 0.1 f/ml, this cutoff corresponds

to 20 years at the maximum permissible exposure limit. The same level, how-

ever, could have been reached in primary asbestos manufacturing 1940-1970

in as little as 1 month.
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To develop these estimates, Selikoff had to account for additional features

of employment histories in specific job categories. Specifically, from seniority

lists of workforces in selected asbestos-using industries (e.g., a large asbestos

manufacturing plant, a major shipyard, a plastics polymer plant, and an as-

bestos insulation production plant), Selikoff made comparisons with estimates

of workforce turnover from BLS and SSA sources. The data from the seniority

lists were also used to determine the distribution of employment durations in

those industries.

The data from the seniority lists showed that there was a high turnover

rate during the first month after hire. Selikoff argued that this was a result

of high rates of termination during 1-month probationary periods. Although

there was significant variation across industries, Selikoff argued that proba-

tionary periods and high early turnover rates are general phenomena in many

industries.

Because workers with short periods of employment would likely have low

cumulative doses of asbestos, this high rate of early turnover was used to cal-

culate the portion of the total exposed workforce with lower levels of exposure.

For example, for persons employed for 2 months in primary asbestos manu-

facturing or insulation work, the cumulative exposure was only 2-3 f-yr/ml

(an annual average exposure of 12-18 f/ml times 1/6 of a year). In secondary

asbestos manufacturing or shipbuilding and repair, it would have taken 4

months to attain the same cumulative dose, and in construction trades, 8-

12 months. In each case, the multiplier applied to the 2-month interval was

inversely related to the relative risk estimate in Table 3.1.

Selikoff assumed that 40% of new hires in primary and secondary manu-

facturing and 20% of new hires in other industries left employment within 2

months and that the rate of termination (β) after the 2-month probation was

constant. After 2 months, the residual duration of employment was assumed

to be exponentially distributed, with survival function S(t) = e−β(t−2). Here,
t is measured in months, not years.

The analysis of probationary periods suggested the existence of two dis-

tinct components of the total workforce — short-term, low exposure popula-

tions who worked as little as 2 months and a long-term workforce with a

constant rate of separation or dismissal. These assumptions implied that 8.7

million of the total exposed workforce of 27.5 million had lower exposures

— less than 2-3 f-yr/ml. Of the 27.5 million workers exposed over the pe-

riod 1940-1979, Selikoff estimated that 21.0 million survived to 1980. Of the

21.0 million who survived, 14.1 million were estimated to have had exposures

greater than 2-3 f-yr/ml and 6.9 million to have had lower exposures.

3.3.4 Task 4: Estimate Dose-Response Models for Cancer Risks

To project the number of cancer deaths over the period 1965-2029 from oc-

cupational exposure to asbestos, Selikoff determined how cancer risks depend

on age and duration of exposure, using the cancer mortality experience of
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17,800 insulation workers followed from 1967 to 1976 (see Section 2.3.1; also

see Figures 2.2 and 2.4, Selikoff, 1981).

3.3.4a Task 4a: Lung and other cancers

An analysis of insulation workers suggested that the relative risks of lung

cancer are independent of age and any preexisting risks at the time of initial

exposure. The relative risks of lung cancer increased linearly with the duration

of exposure up to 40 years, at which time, the increase was more than sixfold.

After 40 years, a significant drop in the relative risk was observed.

A linear increase with exposure duration in the relative risk of lung cancer

is notable for two reasons. First, under a linear model, as the duration of

exposure to asbestos increases, the relative risks continue to increase for 30

or more years, even though the background risk itself exhibits a 10- to 20-fold

increase over the same 30-year interval. Second, the backwardly extrapolated

line meets the relative risk of 1 at a point at most 10 years after the start of

exposure. If the tumor growth started at least 1 or 2 years before becoming

clinically manifest and the tumor became clinically manifest 1 or 2 years before

death, the elevation in the risk of tumor onset must have begun very shortly

(less than 6 years) after the initiation of exposure. Both the short lag time

(i.e., 10 years or less) and the independence of the relative risk from the age

at which exposure started are consistent with observations made in Seidman

et al. (1979).

Selikoff (1981, 1982) integrated the dependency of the relative risk of lung

cancer on exposure duration with the industry-specific relative risks reported

in Table 3.1. A linear increase in relative risk was assumed to start 7.5 years

after exposure initiation and to continue at a fixed rate of 0.23 per year (for

insulators) for the period of the average duration of employment for that

industry; following that, the relative risk was assumed to remain constant

until 40 years after exposure onset and then to decrease linearly to 1.0 over the

next 30 years. The magnitude of the increase for other workers was adjusted

downward from the 0.23 per year increase for insulators and primary asbestos

factory workers according to the relative risks in Table 3.1. The same time

course observed for lung cancer was applied to other types of cancer except

mesothelioma.

3.3.4b Task 4b: Mesothelioma

Mesothelioma was modeled differently because Selikoff argued that there was

no effective background rate for these workers in the absence of asbestos ex-

posure. Therefore, a measure of the absolute risk of death should be used.

An analysis of mesothelioma deaths for insulation workers provided evidence

that the absolute risk of mesothelioma was directly related to the duration of

exposure and was independent of age. Selikoff (1981, pp. 90-91) argued that

the risk of death from mesothelioma increased as the fourth or fifth power of
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time from onset of exposure for 40 or 50 years. For the projections, it was

argued that the risk of mesothelioma reached a peak of 1.2/100 person-years

of exposure after 45 years for persons with 25 or more years of occupational

exposure. For insulators with less than 25 years employment, the estimated

risk was reduced by the fraction of 25 years employed. For other groups, the

estimated risk was jointly scaled by the relative risk of the group (Table 3.1)

and the fraction of 25 years employed.

3.3.5 Task 5: Project Future Asbestos-Related Cancer Mortality

Using the above-outlined methods, the average annual excess numbers of (1)

lung cancer, (2) mesothelioma, (3) gastrointestinal (G.I.) and other asbestos-

related cancers, and (4) total excess cancer deaths was projected for each

5-year period, 1965-1969 to 2025-2029, for each cohort of new entrants into

each of 11 occupational/industry populations (Tables 3.2 and 3.3). The domi-

nant contributors to asbestos-related cancer deaths were the shipbuilding and

construction industries.

Selikoff (1981, 1982) did not provide details on the equations used to con-

duct the projections. He did indicate that the nonasbestos-related deaths were

estimated using U.S. national death rates for total mortality assuming that the

rates for 1975-1979 continued to apply through 2030. Recent evidence (SSA,

1992, 1996, 1999) indicates that these nonasbestos mortality rates have, in

fact, declined and are expected to continue to decline on the order of 0.5-1.5%

per year throughout the projection period. Consequently, Selikoff’s projec-

tions may underestimate the total number of asbestos-related deaths, with

increasing errors in the later years of the projection.

Selikoff argued that although the total number of malignancies is uncer-

tain, the data on the time course of the distribution of malignancies are fairly

good. Thus, Selikoff argued that we can be confident that wartime and post-

war asbestos effects are about equal (although the wartime experience is more

concentrated). Furthermore, Selikoff suggested that excess cancer mortality

among construction workers would become important in the future due to the

use of sprayed asbestos insulation during 1958-1972. Selikoff projected that of

the total mesothelioma incidence during 1940-1999, only a third had occurred

by 1980. This implied that the rate of occurrence would be four times higher

during 1980-1999 where two-thirds of mesothelioma cases would occur in 20

years as opposed to one-third in 40 years 1940-1979.

3.3.6 Task 6: Estimate and Project Deaths Due to Asbestosis

Selikoff (1981, 1982) did not provide detailed projections of the numbers of

deaths due to asbestosis because he did not think that future asbestosis mor-

tality would be significant relative to cancer mortality, given the high exposure

levels required for asbestosis. By contrast, for Walker (1982), a large portion of

the total projected effect of asbestos was linked with asbestosis. Selikoff noted
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that, because much higher exposures are required for asbestosis, asbestosis

deaths would be concentrated among insulators, manufacturing workers, and

long-term shipyard workers.

Selikoff suggested that crude estimates of asbestosis mortality could be

made by relating it to cancer mortality forecasts. The mortality risk of as-

bestosis was estimated to be one-half to three-fourths of the mesothelioma

risk among insulators. Because of high labor turnover rates in manufactur-

ing, only one-third as many asbestosis deaths were expected. Long-term but

not short-term shipyard workers were thought to be at similar risk. Selikoff

estimated that about 200 asbestosis deaths were occurring annually in 1980

— a number which would double during the following two decades and then

decline thereafter.

3.4 Sensitivity of Selikoff’s Projections

Many assumptions were made in Selikoff’s projections. One set of assumptions

involved the numbers of workers in each of 11 occupational and industrial

categories who were exposed to asbestos. Two basic types of assumption were

involved in estimating the size of the exposed workforce.

The first involved the level and extent of asbestos exposure of the work-

force in each of the 11 categories. The second involved the rate of turnover in

the workforce. The impact of these turnover rates, which used BLS and CWHS

data, was large and resulted in a doubling of the estimate of the size of the

exposed workforce, from the 13.2 million previously reported in Nicholson et

al. (1981a) to the 27.5 million reported in Selikoff (1981). Selikoff argued that

this doubling of the prior estimate would have little effect on the expected

number of excess cancer deaths, assuming a linear dose-response function.

Selikoff argued that increasing his estimate of the number of exposed work-

ers from 13.2 million to 27.5 million would be matched by a corresponding

reduction in the duration of exposure.

The large proportion of asbestos workers employed for less than 2 months

also contributed to the doubling of the estimated size of the exposed workforce.

The widespread practice of a 1-month probationary employment period and a

rapid turnover of new hires in the first 2 months resulted in the forecasting of a

large number of lightly exposed workers (i.e., 8.7 million persons with exposure

equivalent to less than 2 months employment as an insulator). Again, the

mortality effect of this change was argued to be canceled by the assumption

of a linear dose-response relation operating on a relatively constant set of

person-years of exposure.

The invariance associated with the linear dose-response assumption ap-

plies only to the excess cancer mortality due to asbestos. If compensation

is granted for workers in an industry or occupation with significant asbestos

exposure, it may have to be granted for all exposed workers with a given
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disease. In this case, the burden of compensation would be the total num-

ber of cancer deaths in the population, which will increase as the estimated

number of workers increases and as the estimate of the duration of exposure

decreases. Thus, the projection of a large number of lightly exposed persons,

although perhaps not contributing much to the excess cancer mortality, would

contribute to the total cancer mortality identified for workers in an industry

with asbestos exposure. Doubling the estimate of the exposed workforce, from

13.2 to 27.5 million, would double the amount of naturally occurring cancer

in the population identified as exposed. Because a significant proportion of

total U.S. male cancer mortality would occur among the 21 million survivors

of this group, the total number eligible for compensation could be much larger

than the excess number of deaths.

Once the estimates of the exposed workforce in each of 11 industrial/ occu-

pational categories were made, the second step in the projection was to apply

models which combine (a) the dependence of the level of risk on the duration of

exposure and (b) the differential level of risk of the 11 occupational/industrial

categories.

The disease-risk models used by Selikoff were different for mesothelioma

and lung cancer. For mesothelioma, an “absolute” risk model was developed

based on a mathematical form similar to that used by Peto et al. (1982).

Another important assumption in Selikoff’s projections of mesothelioma was

the lack of significant nonoccupational exposure to asbestos among the var-

ious industrial/occupational groups. If significant nonoccupational exposure

occurred, this would have the effect of increasing the asbestos dose (expressed

here as the duration of employment) which could have a nonlinear effect over

time.

To assess the overall accuracy of Selikoff’s projections of the number of

mesothelioma cases, one can compare Selikoff’s estimate of 1425 cases for

1977 with an estimate of about 1025 mesothelioma cases generated from the

SEER data (Selikoff, 1981, p. 95). The SEER data should be adjusted upward

because the program uses only records-based reports, not pathological reports.

If we apply Selikoff’s estimate of underdiagnosis in death certificates (71 of

175; see Table 2.1) to the SEER estimate, then we obtain a revised estimate

of 1725 mesothelioma cases in 1977. This is consistent with Hogan and Hoel

(1981), who suggested that the actual number of mesothelioma cases could

be as high as 1620, given the statistical variation of the SEER rate estimates.

Alternatively, the comparison of Selikoff’s 1425 estimate and the SEER 1025

estimate implies an adjustment factor of 1.39 for SEER, not the 1.68 factor

implied by Table 2.1. This suggests that the underdiagnosis of mesothelioma

in the SEER data may be about 28%, substantially lower than the 41% in

death certificate data.

Whereas Selikoff assumed that the absolute risk of mesothelioma increased

as the fourth or fifth power of time from onset of exposure, he assumed that

the relative risk of lung and other cancers increased linearly with the duration

of exposure. This linear increase in the relative risk was multiplied by the age
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dependence of the tumor type — which, for lung cancer, was approximately the

sixth or seventh power of age. This age dependence of tumor risks was again

based on data from the insulation workers study. Thus, both mesothelioma

and lung cancer risks increased as nonlinear functions of time since onset of

exposure; for lung cancer, there were additional nonlinear age effects. The

projections of mesothelioma and other cancer deaths depend on data from

the insulation workers study. Consequently, their uncertainty depends on the

statistical uncertainty of the rates estimated from that study.

Selikoff conceded that the numerical results of his projections were very

uncertain but argued that one could have confidence in the timing of the man-

ifestations of the disease (Selikoff, 1981, p. 94). Uncertainty results from such

factors as the estimates of the workforce, its exposure, the relative mortality

risks, and the data on the time and age dependence of the cancer risks.

Two additional factors could affect the projections in complex ways. First,

the strong relationship of cigarette smoking and a number of specific cancer

types means that the relative risk model for lung and other cancers may not be

as simple as assumed. The projection of the appropriate background rates for

these cancers is subject to great uncertainty due to the changing prevalences of

cigarette smoking over cohort and time (Manton and Stallard, 1991). Second,

the assumed linearity of dose and response for both intensity and duration of

exposure applies to the relative risk model but not to the absolute risk model

(OSHA, 1983). In the latter case, a more complex adjustment is needed to

account for duration and this was not reflected in Selikoff’s projections of

mesothelioma or asbestosis, which was tied to the mesothelioma projection.

3.5 Alternative Projections of Health Implications

In this section, we review alternative projections produced by 1981. This will

demonstrate the range of uncertainty associated with such forecasts and will

make it easier to understand why we were so concerned about uncertainty

in developing our own forecasts for the Court. Table 3.4 summarizes these

results.

The first projections were in an unpublished report (Bridbord et al., 1978)

jointly produced by investigators at the National Institute for Occupational

Safety and Health (NIOSH), the National Cancer Institute (NCI), and the

National Institute for Environmental Health Sciences (NIEHS). This report

generated considerable debate because it projected, using a strategy logically

similar to Selikoff’s (1981, 1982), that 13-18% of cancers (58,000-75,000 cases

per year) would be produced by occupational exposure to asbestos at the peak

of the asbestos “epidemic.” These are six to eight times higher than Selikoff’s

(1981) peak estimates (9739 cases per year) in Table 3.2.

Bridbord et al. (1978) estimated that 8-11 million workers (compared to

27.5 million for Selikoff) had been exposed to asbestos since the start of WWII
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Table 3.4:  Alternative Estimates of Excess Cancer Deaths due to Occupational Asbestos 
Exposure

Calendar Period or
Source Estimate Type of Estimate

Selikoff (1981) 432,465 1965-2029
269,825 1980-2009
219,730 1975-1999

Bridbord et al. (1978) 2,000,000 Low 30-year
2,300,000 High 30-year

Hogan and Hoel (1981) 236,000 Low
497,000 Best
726,000 High

Enterline (1981) 122,520 30-year

Nicholson et al. (1981) 221,440 1975-1999

McDonald and McDonald (1981) 30,390 Low 30-year
85,110 Best 30-year

176,310 High 30-year

Peto et al. (1981) 150,000 Best

Note:  See Section 3.5 for details.

with 5.5-7.5 million survivors being subjected to “significant asbestos expo-

sure” and about 4 million of these to “heavy exposure.” These estimates were

cited in a speech by former DHEW Secretary Joseph Califano on April 26,

1978 but without any detail on how they were produced. Using results from

studies by Selikoff (1978a, 1978b) and Selikoff and Hammond (1978), Brid-

bord et al. (1978) estimated that 35-44% of the heavily exposed group would

die from cancer, producing 1.6 million deaths. The remaining group of less

heavily exposed workers was projected to experience one-fourth the mortality

of the heavily exposed group producing an additional 400,000-700,000 deaths.

In total, 2.0-2.3 million deaths were projected to result from asbestos over

a 30-35-year period suggesting, an average of 58,000-75,000 asbestos-related

cancer deaths per year over this period.

Bridbord’s estimates were by far the highest ever produced and were

severely criticized on both methodological and substantive grounds (Doll and

Peto, 1981). For example, the projections did not take sufficient account of

the impact of different intensities and durations of exposure in the affected

populations nor were they adjusted to reflect decreases in the exposed popu-

lation due to death. The sources of the estimates of the exposed population
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were not identified. The implied numbers of mesothelioma deaths (10,000 per

year) were about 10 times the observed level. Peto and Schneiderman (1981)

reported that although there was a consensus that the estimates by Bridbord

et al. (1978) were inappropriate, there was a wide spectrum of opinions as to

what were the most appropriate estimates of the current and future impact

of occupational asbestos exposures.

Hogan and Hoel (1981) ostensibly employed the same basic logic as Brid-

bord et al. (1978), but they provided greater detail on their methods. Hogan

and Hoel (1981) estimated that 7.1-8.2 million workers were occupationally ex-

posed to asbestos, of whom more than 50% were still alive in 1980. The largest

component of the exposed group was the 4.3-5.4 million shipyard workers es-

timated to have been exposed in shipyards during World War II. Additional

occupationally exposed workers were in a wide range of occupations identified

to be “actually or potentially exposed” in the National Occupational Hazard

Survey of 1972. The number of workers identified as possibly exposed in this

survey was 1.6 million — a number consistent with an estimate of 1.1-1.4 mil-

lion made in a survey conducted at the Research Triangle Institute. Assuming

that 1.4 million exposed workers was a reasonable estimate of the worker pop-

ulation at risk in 1975 based on the two surveys, the total number who have

been exposed since 1940 was estimated by assuming the following:

• Levels of exposure had been greatly reduced since 1970 so that the later

exposures could be ignored

• The average rate of workforce turnover in these industries was 5% per

annum

• The growth of the industries with potential exposure 1940-1970 paralleled

the growth of the economy in general

These assumptions yielded an estimate of 2.8 million exposed workers, which,

when added to the 4.3-5.4 million estimate of WWII shipyard workers, yielded

a total of 7.1-8.2 million workers exposed during 1940-1970.

Although the estimates of the total numbers of exposed workers were sim-

ilar between Bridbord et al. (1978) and Hogan and Hoel (1981) (i.e., 8-11

million versus 7.1-8.2 million), the number of workers classified as heavily

exposed varied drastically between the two studies. Specifically, Hogan and

Hoel (1981) estimated that 1.06-1.23 million persons were heavily exposed to

asbestos, whereas Bridbord et al. (1978) estimated 4.0 million.

The estimate of the exposed workforce provided by Hogan and Hoel (1981)

was more useful than that produced by Bridbord et al. (1978) because the

logic and data used by Hogan and Hoel (1981) were described and could be

critiqued. For example, Nicholson (1981) argued that Hogan and Hoel (1981)

seriously underestimated the size of the exposed workforce. He pointed out

that the 1.4 million nonshipyard workers estimated to have asbestos exposure

must include 900,000 automobile mechanics leaving 500,000 as an estimate of

the working populations of insulation workers, post-World War II shipyard
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employment, asbestos products manufacturing, chemical and refinery mainte-

nance personnel, power plant workers, and stationary engineers and firemen.

In 1980 alone, these categories employed about 1 million persons. Furthermore,

Nicholson (1981) concluded that the most serious omission in the estimate of

the exposed workforce was the approximately 4 million workers involved in

land-based construction — accounting for over two-thirds of all asbestos used

in the United States.

Similarly, because Bridbord et al. (1978) did not specify how they esti-

mated the size of their heavily exposed populations, we can only evaluate

Hogan and Hoel’s (1981) procedure. Hogan and Hoel (1981) recognized the

lack of detailed information on the intensity and duration of exposure. The two

studies they selected to supply this information (Cochrane et al., 1980; En-

terline, 1978) suggested that 3.4-18.5% of the workforce was heavily exposed.

The Cochrane study was based on extremely limited data (i.e., 92 workers in

a single South African company), so it was thought best to focus on Enterline

(1978), who estimated that between 43,000 and 1.7 million workers alive in

1967 (best estimate 250,000) had heavy asbestos exposure. In deriving these

estimates, Enterline (1978) noted that “heavy exposure to asbestos causes

asbestosis deaths so that one way to estimate the size of the heavily exposed

population is to look at deaths due to asbestosis and estimate how large the

population must be that produces these [deaths]” (Enterline, 1978). Because

Enterline’s (1978) procedure may be conservative, a “best estimate of 15%”

was assumed by Hogan and Hoel (1981, p. 70). Nicholson (1981, p. 77) com-

mented that although the 15% value was reasonable, it was principally an

informed guess based on extremely limited information.

Estimation of excess risk among heavily exposed workers was based on

estimates produced by Selikoff and his co-workers and included data on both

insulation workers and shipyard workers. Overall, 20-25% of heavily exposed

workers were assumed to die from lung cancer, 6-10% from mesothelioma, and

8-9% from gastrointestinal cancer. These were compared to background rates

among nonexposed workers of 5%, 0.02%, and 3.5%, respectively.

Estimation of excess risk among less heavily exposed workers was more

difficult because of a lack of dose-response information. Analyses of results

from Newhouse and Berry (1976) and Blot et al. (1978) suggested that the

excess lung cancer risk of less heavily exposed workers was between one-eighth

and one-fourth of the excess risk of heavily exposed workers. It was assumed

that these ratios applied for cancers other than lung cancer.

Several improvements over the Bridbord et al. (1978) projections were

made by Hogan and Hoel (1981). First, they adjusted for excess mortality

among workers heavily exposed to asbestos by multiplying the standard U.S.

male mortality experience for 1970 by a factor ranging from 1.14 to 1.41;

for less heavily exposed workers, the excess risk was reduced proportionately.

Second, Hogan and Hoel (1981) made three different sets of projections, illus-

trating the variation in results attributable to varying assumptions:
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1. A lower limit (LL) based on a World War II shipyard workforce of 4.3

million persons, 20% of whom were female, 5% of whom were heavily

exposed, and a risk ratio of 1/8 for less heavily exposed persons.

2. A best estimate (BE) assuming a shipyard population of 4.8 million with

10% female workers, 15% heavily exposed workers, and a risk ratio of 1/5

for less heavily exposed workers.

3. An upper limit (UL) based on 5.4 million shipyard workers with 10%

female workers, 25% heavily exposed workers, and a risk ratio of 1/4 for

less heavily exposed workers.

Hogan and Hoel (1981) projected that 3.1% of cancer deaths after 1980

would be caused by asbestos (ranging from 1.4% to 4.4%) and that the total

number of such deaths for all exposures after 1940 would be 497,000 (ranging

from 236,000 to 726,000). Hogan and Hoel (1981) evaluated these forecasts in

two ways.

First, they calculated that between 1100 and 3500 workers would die an-

nually of mesothelioma — a range that includes the 1150 mesothelioma deaths

estimated from SEER in 1976 and its 95% upper bound of 1650. These latter

estimates were based on assumptions that the SEER estimate is the weighted

average of mesothelioma incidence rates for 10 areas (an assumption used to

compute a jackknife estimate of the confidence interval) and that the SEER

areas represented an unbiased sample of the total U.S. population occupa-

tionally exposed to asbestos.

Hogan and Hoel (1981) also compared their data with a study of the Pearl

Harbor shipyard workforce. Kolonel et al. (1980) recorded a relative risk of

1.34 for lung cancer for the Pearl Harbor shipyard workers. Hogan and Hoel

(1981) calculated the excess number of cancer deaths assuming the following:

1. Only 63% of those shipyard workers were exposed to asbestos.

2. The risk of dying from cancer in the general population was 20%.

3. The relative risk among nonexposed workers was 0.88.

The calculations based on these assumptions yielded between 470,000 and

540,000 excess cancer deaths due to asbestos. This range bracketed their es-

timate of 497,000, although it was higher than Selikoff’s (1981) estimate of

432,465 deaths.

The approach used by Enterline (1981) was similar to that of Hogan and

Hoel (1981) and Selikoff (1981). Enterline first estimated the number of work-

ers in a particular occupation or industry and then applied a relative risk

measure to estimate the excess number of deaths.

Enterline (1981) first considered asbestos product factory workers and as-

bestos insulators. Enterline (1981) used two techniques to estimate the num-

bers of asbestos-related deaths in these occupational categories. First, he es-

timated the number of asbestosis deaths occurring in a study of 35 asbestos

production facilities (N = 21,755) (Enterline, 1981) and Selikoff’s study of in-
sulation workers (N = 17,800). Enterline (1981) estimated that these two pop-
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ulations generated about 50% of the U.S. total number of asbestosis deaths.

He then estimated the population required to account for all of these deaths

at 75,000-85,000 heavily exposed workers in 1981.

Second, Enterline (1981) estimated the total number of exposed workers

in these same job categories by examining the census of asbestos workers

in the relevant occupations (about 40,000 per year) and, multiplying by 3

to represent turnover, he estimated that 120,000 total workers were heavily

exposed over the period 1947-1976. Of the total of 120,000 workers, Enterline

(1981) estimated that about 90,000 of this group were alive in 1981.

Enterline’s (1981) best estimate of the number of heavily exposed workers

alive in 1981 was 80,000. For these 80,000 workers, he projected 20% (16,000)

excess lung cancer deaths over the next 30 years (i.e., 530 excess deaths per

year).

Enterline (1981) next considered shipyard workers. He divided shipyard

workers into WWII and post-WWII employment groups. Using Kolonel et

al.’s (1980) estimate that only 60% of the Pearl Harbor shipyard workers were

exposed to asbestos, Enterline (1981) estimated that the number of surviv-

ing shipyard workers with exposure to asbestos was 1.5 million [compared to

Hogan and Hoel’s (1981) estimate of 2.5 million surviving shipyard workers].

After reducing the estimate of the number of shipyard workers, however,

Enterline (1981) did not make a corresponding adjustment to the estimated

risk of the group; that is, if the relative risk for a group is 2.0 but only half of

the population has the relevant exposure, then the relative risk for the exposed

subgroup could be four times higher (i.e., a higher relative risk among a smaller

population can produce the same number of cases). Instead, Enterline (1981)

employed an educated guess that shipyard workers had only one-fourth the

exposure of primary asbestos workers. This produced an estimate of 900 excess

lung cancer deaths annually among World War II shipyard workers.

Enterline (1981) used estimates of exposure in other occupations and

straightline extrapolations from exposure levels and years of exposure to pro-

duce an annual estimate of 2501 excess lung cancer deaths [compared to Se-

likoff’s (1981) estimate of about 5000]. Adding deaths from other cancers,

Enterline (1981) estimated 4084 asbestos-related deaths annually (compared

to Selikoff’s estimate of about 9000) and, over a 30-year period, a total of

122,520 excess cancer deaths (compared to Selikoff’s estimate of 269,825 for

1980-2009). Enterline (1981) estimated that about 7.6 million workers still

alive in 1981 were exposed to asbestos, an estimate in line with Bridbord et

al. (1978), Hogan and Hoel (1981), and Nicholson et al. (1981a). The primary

differences among these estimates are due to differences in the proportion of

heavily exposed workers.

Nicholson et al. (1981a) failed to adjust completely for workforce turnover.

Nicholson et al.’s (1981a) estimate of 13.2 million persons exposed 1940-1979

(of whom 9.2 million were alive in 1980) was less than half of Selikoff’s (1981)

estimate. However, because the mortality projections were based on the linear

dose-response assumption, the mortality projections did not change signifi-



3.5 Alternative Projections of Health Implications 87

cantly (i.e., the increase in the exposed population from 13.2 million to 27.5

million was almost exactly balanced by a corresponding reduction in the av-

erage duration of exposure, assuming a linear dose response). The mortality

projections for the 25-year period 1975-1999 differed by less than 1% (221,440

vs. 219,730; Table 3.4).

McDonald and McDonald (1981) and Peto et al. (1981) made projections

using a logically different projection strategy. They made no effort to ascertain

the size of the exposed workforce. Instead, all forecasts were based on epidemi-

ological data reflecting trends in disease incidence and prevalence. McDonald

and McDonald (1981) made estimates of mesothelioma incidence from TNCS,

SEER, and their own survey of pathologists. From these data, they estimated

a mesothelioma rate of 8 per million for males (and increasing) and 2.5 per

million for females — suggesting 8 × 105.4 million = 843 mesothelioma cases
for U.S. males and 2.5 × 110.6 million = 277 cases for U.S. females, for a total
of 1120 cases in 1975 [compared to an estimate of 1254 from Selikoff (1981);

see Table 3.3]. McDonald and McDonald (1981) provided numerical estimates

for the United States and Canada combined. For comparability, we converted

these to estimates for the United States alone.

Based on a review of cohort studies which reported on mesothelioma and

other cancers, they estimated a ratio of 2.4 lung cancers and 0.9 digestive

cancers for every mesothelioma death. They also assumed that the percentage

of mesothelioma cases associated with occupational asbestos exposure (based

on their 1980 case-control study) was 75% for men [a figure that can be

compared with the value of 54% employed in Walker’s (1982) projection — see

Chapter 4] and less than 10% for women. With their best estimate implying

843 mesothelioma deaths among U.S. males and 277 among U.S. females in

1975, it followed from the above assumptions that 2719 asbestos-related U.S.

male cancer deaths would occur per year — an estimate with a range of 971

to 5632. Although they were reluctant to provide estimates for females, their

results suggested an increment of about 4.35% to the male result, which yields

a best estimate of 2837 deaths per year — with a range of 1013 to 5877. These

estimates depend on the assumed percent of deaths caused by occupational

exposure to asbestos and the ratio of the number of exposed worker deaths

due to asbestos-caused mesothelioma to the number of deaths due to other

asbestos-caused cancers. For comparability, we can convert McDonald and

McDonald’s (1981) implied annual estimate to an overall estimate for a 30-

year period — 85,110 asbestos-related cancer deaths, with a range of 30,390 to

176,310.

Peto et al. (1981) also based their forecasts on epidemiologic data re-

flecting trends in disease incidence and prevalence. They used estimates of

dose-response functions from several cohorts of highly exposed workers (Peto

et al., 1982) to infer the size of the exposed cohorts in past years by age and

date of first exposure. Because this method is detailed in Chapters 4-5, we

summarize their results here.
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Peto et al. (1981) utilized an estimate that mesothelioma rises as the 3.5

power of time since first exposure — independent of age, length of exposure,

and type of fiber. They estimated that 5000 mesothelioma deaths would arise

from WWII shipyard exposure, 3000 from other WWII exposure, and 29,500

from all other exposures prior to 1965 — a total of 37,500. By multiplying these

figures by 3 to represent lung cancer deaths and adding 37,500 mesothelioma

deaths from all pre-1965 exposures, Peto et al. (1981) obtained a total estimate

of 150,000 excess cancer deaths.



4

Forecasts Based on Indirect Estimates of

Exposure

4.1 Introduction

This chapter reviews the model used by Walker (1982) and collaborators (see

Walker et al., 1983) in making indirect estimates of past exposure to asbestos

and in projecting the current and future numbers of persons with various

asbestos-related diseases such as mesothelioma, lung cancer, and asbestosis.

The use of indirect estimates of past exposure distinguishes Walker’s model

from all but the last two models reviewed in Section 3.5. Other differences

between Walker (1982) and Selikoff (1981) are also important: (1) Walker

neither required nor provided estimates by occupation; Selikoff did both. (2)

Although asbestosis was the most frequent type of claim, it was not included in

Selikoff’s model; it was included in Walker’s. (3) Walker’s goal was to estimate

the potential number of persons who might file a claim, given that they had a

documentable and plausible occupational history of asbestos exposure; Selikoff

shared this goal, but he also wished to estimate the total number of persons

exposed to asbestos, without regard to their ability to document that exposure

to a sufficient degree to file a successful claim should they ultimately develop

an asbestos-related disease.

4.2 Background

Walker (1982) forecasted the number of asbestos-related diseases for the pe-

riod 1980-2009. In making these forecasts, he drew heavily on the techniques,

data, and parameter estimates reported in Peto et al. (1982) (described in

Section 2.3.1d) and Peto et al. (1981) (summarized in Section 3.5). The over-

all logic of Walker’s (1982) mesothelioma model followed the structure given

in the Appendix of Peto et al. (1981). This approach is not intuitively natural.

We will review the essential elements here.

Peto et al. (1981) made five assumptions, as follows.

89
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Assumption 1: Independence of dose and time. Excess mesothelioma inci-

dence increases with increasing dose, and with increasing time, t, since

start of exposure at age a, in the following way:

Ia(t) = D(d)× f(a, t),

where

Ia(t) = incidence rate at age a+ t,

D(d) = response function for dose d, independent of age a and time t,
f(a, t) = time-dependent function giving incidence at age a+ t for unit

dose starting at age a.

In this formuation, excess mesothelioma incidence is treated as an inde-

pendent additive risk. This would be appropriate if there were no cases

of mesothelioma other than those attributable to asbestos exposure. Al-

ternatively, for applications to occupationally exposed workers where the

attributable risk (ARH) is close to unity, this formulation will provide an
adequate approximation. Methods for improving the approximation will

be considered below.

Assumption 2: Linearity of dose response. D(d) can be replaced by a measure
of the effective dose, denoted D, so that the incidence rate simplifies to

Ia(t) = D × f(a, t).

In addition, they assumed that the distribution of D within a cohort

indexed by a and t is such that the effects of mortality or morbidity

selection will not reduce the mean value significantly over time. Thus, the

equation may be applied to a cohort with average dose equal to D.

Assumption 3: Weibull hazard rate. The time-varying component of the

mesothelioma incidence function is a Weibull hazard rate, such that

f(a, t) ∝ tk,

where k = 3.5 (Peto et al., 1982).

Assumption 4: Cohort model. The incidence rate t years after initial exposure

in a cohort first exposed at age a in year y is

Iay(t) = Day × tk,

and the expected number of new excess cases (of mesothelioma caused by

asbestos exposure) occurring at age a+ t in this cohort is

Eay(t) = nay ×Day × tk × Say(t),

where
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nay = the number of persons initially exposed at age a in year y,
which is the initial cohort size;

Day = the average effective dose for the nay persons;
Say(t) = the probability that a cohort member alive at age a in year y

survives to age a+ t in year y + t, which can be estimated

from national cohort life tables.

Assumption 5: Effective level of exposure (the calibration step). The crucial

step of Peto et al. (1981) is easy to understand but complex to describe

in formal detail, so we give a verbal summary first. In the current year y1 ,

suppose an excess mesothelioma case occurs in a cohort member currently

of age a1 . His exposure must have begun in some year y0 in the past,

when his age was a0 . That was t years ago where t = y1 − y0 = a1 − a0 .

In other words, this person was a0 = a
1
− t years old, t years ago, in

year y0 = y
1
− t, so he is counted as one of the cases enumerated by

Ea1−t, y1−t(t). Different men who become excess cases in year y1 at age
a1 will have been first exposed at differing numbers of years t in the past,

so we count them all by summing over t.

Now, we give details. Peto et al. (1981) assumed that the effective level of

exposure can be defined using

Nay = nay ×Day.

Because neither nay nor Day is known with any degree of certainty, combining

them into a single unknown, Nay, allows the expected number of excess cases

to be rewritten as

Eay(t) = Nay × tk × Say(t).

If the expected number of excess cases can be estimated from a sample of

current cases, aged a1 in year y1, using information on the age and year of

first exposure to distribute the sum
P

tEa1−t, y1−t(t) into estimates of each
term, Eay(t), then one can solve for Nay using

Nay = Eay(t)/[t
k × Say(t)].

We refer to this calculation as the “calibration” step of the indirect estimation

procedure. The indices a1 and y1 will be used to indicate ages and dates of the

calibration data. These are distinct from the indices a0 and y0 which will be

used in the “projection” step of the indirect estimation procedure to indicate

ages and dates of initial exposure to asbestos. When it is not necessary to

consider fixed ages and dates, we will simplify the notation and use a and

y to index variable ages and calendar years. The nature of the index will be

apparent from the specific function being used.

Once the calibration step generates estimates of Nay (or Na0y0), one can

generate projections for any later time using the formula given earlier for

Eay(t); that is,
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Ea0y0(t) = Na0y0 × tk × Sa0y0(t).

The indexes a0 and y0 are considered fixed in the projection step, and t denotes

the number of years after the initial year y0.

Projections based on Nay are internally consistent. To see why this is so,

we rewrite the equations for the expected number of excess cases to refer to

time t+ s, s ≥ 0:
Eay(t+ s) = Nay × (t+ s)k × Say(t+ s).

Substituting for Nay we obtain

Eay(t+ s) = Eay(t)× (t+ s)k

tk
× Say(t+ s)

Say(t)
.

For s = 0, this is an identity. For s > 0, the formula guarantees that the
projection will trace a trajectory from the current observed data to all future

values consistent with the Weibull model and the selected national life table.

If observed data are available for multiple years, then these may be used

to improve the estimates of Nay as follows:

Nay =
X
s=0

Eay(t+ s)/
X
s=0

£
(t+ s)kSay(t+ s)

¤
.

Thus, Nay is estimable. The fact that it does not represent the “real size”

of the cohort, however, leads to some important limitations of the method,

discussed below.

Peto et al. (1981) assumed that all recorded cases of mesothelioma among

occupationally exposed workers were due to asbestos exposure, equivalent to

assuming that ARH ≈ 1. However, they estimated an attributable risk (AR) of
76% for the general population which was reflected in their model by propor-

tionally reducing the Surveillance, Epidemiology, and End Results Program

(SEER) mesothelioma estimates for men for 1974-1978. Walker (1982) fol-

lowed a similar procedure, except that he used a 54% multiplier in reducing

the SEER mesothelioma estimate for 1975-1979, based on his assessment of

the percent of cases with documentable occupational exposure to asbestos. In

each case, the application of a constant multiplier to control for attributable

risk produces an equivalent reduction for each projected value, Eay(t + s).
The overall projection is sensitive to the AR-parameter value.
Peto et al. (1981) cautioned that the most severe limitation of their method

is the large uncertainty in Nay associated with recent exposures. Because

mesothelioma has a long latency period, the counts, say Eay(t), for small
values of t, are subject to Poisson variation (with variance equal to the mean).

Hence, Nay may be highly unstable in these cases. Furthermore, because Nay

is proportional to Eay(t) or to
P

sEay(t+s), it follows that Nay has the same

coefficient of variation as the mesothelioma counts, Eay(t) or
P

sEay(t+ s),
even if uncertainty in the national life table and Weibull hazard is ignored.
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The scaling of Nay is arbitrary. Walker (1982) noted that rescaling of Nay

using the Weibull scale parameter derived by Peto et al. (1982) from the

mesothelioma incidence rates among asbestos insulation workers yielded an

interpretation of Nay as the equivalent number of insulation workers required

to produce the observed mesothelioma events. Because insulation workers

were among the most heavily exposed groups, this means that the insulation-

worker-equivalent (IWE) scaling produced a lower bound on the actual num-

ber of exposed workers. Walker (1982) argued that it made little difference

whether one estimated actual or IWE numbers of exposed workers, as long

as the forecasts of the number of mesothelioma and other asbestos-related

diseases were accurate.

4.3 Walker’s Study: General Description

Walker (1982) developed forecasts of the number of cases of asbestos-related

diseases (mesothelioma, lung cancer, and asbestosis) for the period 1980-2009

using a modification of the model described by Peto et al. (1981, 1982). Walker

(1982) focused on persons with nontrivial exposure to obtain estimates and

forecasts of the number of lawsuits which might arise as a result of occu-

pational exposure to asbestos. Whereas prior forecasts had focused almost

exclusively on the cancer consequences of asbestos exposure, Walker (1982)

included asbestosis in his model because of the potentially large number of

claims that could be filed for this common noncancerous result of heavy as-

bestos exposure.

4.3.1 Data

Walker (1982) employed a variety of data. Two important sources were the

Third National Cancer Survey (TNCS) and SEER, both sponsored by the

National Cancer Institute (NCI). These sources were the basis of estimates

of the current numbers of mesothelioma cases and change in mesothelioma

incidence rates. Estimates of various other parameters used in Walker’s pro-

jections were derived from published analyses of the mortality experience of

Selikoff’s insulation worker cohort (Peto et al., 1982). Data from epidemiolog-

ical studies of the health risks of occupational exposures to asbestos were used

to establish assumptions of the model such as the assumption that the ratio

of peritoneal to pleural mesothelioma increased as the level of exposure to

asbestos increased. Data from McDonald and McDonald’s (1980) case-control

study were crucial in determining the proportion of total mesothelioma inci-

dence which was due to heavy exposure to asbestos — or at least to asbestos

exposure likely to be recalled by survivors.

In addition to data from TNCS, SEER, and health studies of specific

occupationally exposed populations (e.g., insulation workers in Selikoff et al.,

1979; factory workers in Seidman et al., 1979; five occupational groups in
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McDonald and McDonald, 1980), Walker also made use of data from litigant

files maintained by the Johns-Manville Corporation. Whereas data quality

could be discussed for the health surveillance and epidemiological data (see

Chapter 2), the Johns-Manville data were proprietary and so could not be

directly evaluated. It was possible, however, to examine the sensitivity of his

projections to this type of data. These assessments are reported in the results

of our sensitivity analyses in Chapter 5.

4.3.2 Model and Methods

Walker (1982) used the concept of IWE to estimate the number of cases of

mesothelioma among cohorts with a common age and date of first exposure

to asbestos. Peto et al. (1982) provided a parameterized Weibull hazard rate

function giving the incidence rate of mesothelioma among insulation workers

as a function of time since first exposure to asbestos. By dividing the observed

number of cases by the incidence rate, Walker (1982) estimated the number

of exposed insulation workers needed to yield the given number of cases. This

latter number is his IWE count of exposed workers. The method of dividing the

observed number of cases by incidence rates to estimate implied numbers of

exposed workers will be referred to as “indirect estimation of past exposure.”

If mesothelioma cases are stratified by occupation and the occupation-

specific incidence rates are known, then indirect estimates of past exposure

can be obtained with a natural scaling that yields actual numbers of exposed

workers. This will be explored further in Chapter 8. Such data were not avail-

able to Walker (1982), so he had to select some artificial scaling, and he chose

the IWE level.

4.4 Walker’s Five Tasks

Walker’s (1982) projection strategy was complicated. We shall review his

methods in the order in which he presented them.

Walker organized his presentation into 5 tasks and 14 subtasks. The first

task was to apply indirect estimation techniques to current mesothelioma

incidence to determine the effective number of past asbestos workers. The

second task was to project mesothelioma incidence in the exposed population

using Peto et al.’s (1982) Weibull hazard rate function. The third task was to

project lung cancer incidence using Selikoff et al.’s (1980) relative risk factors.

The fourth task was to estimate current and future asbestosis prevalence.

Walker argued that, for asbestosis, the long survival and the frequent lack

of awareness of the cause of symptoms made the prevalence of potentially

diagnosable asbestosis the key factor for estimating potential lawsuits. The

fifth task was to estimate the amount of asbestos-related disease likely to

occur in women.
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4.4.1 Task 1: Determine the Effective Number of Past Asbestos

Workers

4.4.1a Task 1a: Determine the number of cases of mesothelioma

in the United States, 1975-1979

This was critical to Walker’s (1982) report because the forecasts for mesothe-

lioma and asbestosis (and, indirectly, lung cancer) are based on it. Most of

this portion of the analysis was newly developed by Walker. Most of the rest

of Walker’s procedures were derived from Peto et al. (1982) and Peto et al.

(1981). We shall see that Walker’s conclusions depend on unsupported as-

sumptions.

The primary data sources in this subtask were the 1969-1971 TNCS and

1973-1978 SEER data. From these two datasets, Walker estimated the rate of

change in mesothelioma incidence from 1970 to 1975. To estimate the num-

ber of mesothelioma cases among U.S. men in 1975-1979, Walker made four

assumptions:

1. That the 10% annual increases in mesothelioma incidence between TNCS

and SEER were representative of changes in the national incidence of

mesothelioma. This assumption supported a 15% upward adjustment of

the observed SEER rates, averaged for the period 1973-1978, to account

for a 1.5-year shift in time from end of year 1975, to mid-1977.

2. That TNCS and SEER overestimated the level of mesothelioma incidence

by 10-15%, with a best guess of about 12%.

3. That SEER diagnostic coding failed to record the occurrence of about

10% of mesotheliomas each year.

4. That the number of mesothelioma cases occurring in the 1975-1979 quin-

quennium was approximately five times the number occurring in 1977,

which accounts for the time shift in Assumption 1.

The TNCS and SEER datasets were the most extensive ones available to

assess changes in the incidence of mesothelioma. However, the use of these

data to establish changes in cancer incidence over this period became con-

troversial when Pollack and Horm (1980) reported 1.3% and 2.0% annual

increases in cancer incidence (as opposed to cancer mortality) for males and

females, respectively, based on their analysis of TNCS and SEER data. These

estimates, which were accepted by 17 federal agencies and the White House

Council on Environmental Quality (CEQ), were subsequently challenged by

a number of epidemiologists and industrial groups (Smith, 1980).

Critics of the TNCS and SEER data attacked their representativeness.

Specifically, Smith (1980) pointed out the following:

There is only indirect evidence that the populations surveyed are rep-

resentative of the total U.S. population. Each survey encompassed

10% of the total population, but underrepresented rural dwellers and
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overrepresented Chinese and Japanese Americans, Indians, and Poly-

nesians. An industry critic complains that it overrepresents ship-

builders who are vulnerable to asbestosis; Harris of CEQ, on the

other hand, complains that it underrepresents the industrial North-

east. (p. 1000)

Perhaps more important in the statistical sense is that the survey

groups varied considerably from year to year on a nonrandom basis,

as cities and regions decided to drop out or were persuaded to join.

The survey population in 1976 had only four geographical regions (out

of 11) in common with the survey population in 1969 (Atlanta, De-

troit, Iowa, and San Francisco). NCI made efforts to ensure continuing

regional participation beginning in 1973, but it could not resist the

temptation to add new groups until 1976. (p. 1000)

Pollack and Horm (1980) attempted to demonstrate that their results were

representative. Smith (1980) reported that their methods were criticized by

epidemiologists like Rothman (at Harvard, in a critique prepared for Shell

Oil Company) and Morgan (at SRI International, Palo Alto, in a critique

prepared for the American Industrial Health Council).

Other critics complained that (Smith, 1980):

1. Case finding techniques had improved enough from 1969 to 1976 to affect

the trends (Richard Peto, Oxford University).

2. Migration of cancer victims to NCI-sponsored cancer centers in the re-

gion might affect the trend estimates (Abe Lilienfeld, Johns-Hopkins

University).

Smith (1980) quoted Harris of the CEQ as concluding that “the data are

a long way away from being definitive or permitting conclusions” and that it

will be 5 to 10 years, when data are tabulated through at least 1980, before

firm conclusions can be reached.

Despite these arguments, Walker first assumed that changes in mesothe-

lioma incidence between TNCS and SEER were representative of changes in

the national incidence of mesothelioma. Walker did not assume that the SEER

areas were representative of the absolute level of mesothelioma incidence in the

U.S. because, he argued, shipbuilding areas were over-represented in SEER.

In evaluating Walker’s arguments, it is difficult to understand why SEER

and TNCS would produce nationally representative estimates of the rate of

change of mesothelioma incidence but not nationally representative estimates

of the level of mesothelioma incidence. Although it is theoretically possible to

get a representative estimate of the rate of change in incidence but a nonrep-

resentative estimate of the level of incidence, the evidence on which Walker

made his deduction is not clear.

Lacking adequate data, one might conclude that the SEER and TNCS

data would produce either representative or nonrepresentative estimates of

both the level and rate of change of mesothelioma incidence. If the TNCS and
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SEER data were both assumed to be nationally representative, then Walker’s

first assumption that an appropriate rate of change can be estimated from

TNCS and SEER seems reasonable. However, Walker’s second assumption,

that TNCS and SEER overestimated the level of mesothelioma incidence,

seems less reasonable. It is not clear how the estimate of 10-15% reduction in

mesothelioma was made nor how the “best guess” of 12% was produced.

Walker assumed, third, that the estimates of mesothelioma incidence were

understated by as much as 10% due to the underdiagnosis of mesothelioma.

Data might support quite different estimates. In Selikoff et al.’s (1979) study

of insulation workers, for example, mesothelioma was under-diagnosed by over

40% (i.e., only 104 of 175 mesothelioma cases were properly identified on the

death certificates). Selikoff (1981, p. 95) noted that SEER had not verified

pathological diagnoses, so there would be no reason to consider their data

more accurate. This was also true for TNCS. Direct comparison of Selikoff’s

estimates with SEER-based estimates for 1977 in Section 3.4 suggested that

mesothelioma cases were underdiagnosed by 28% in SEER data. Walker pro-

vided no evidence to justify his lower estimate of the rate of underdiagnosis.

Correcting the second and third assumptions has important implications

for the projections. If we assume SEER to be nationally representative (elim-

inating the 12% reduction), a conclusion reached by Pollack and Horm and

Schneiderman’s reanalysis (Smith, 1980), and if we estimate under-diagnosis

at 39% based on the analysis in Section 3.4, then the estimate of annual

mesothelioma incidence in 1977 could be raised to 1365 cases. This is close

to the projection of 1425 mesothelioma cases obtained by Selikoff (1981, p.

131). These alternate assumptions would increase Walker’s projections of the

health effects of asbestos by 40% (i.e., 1365/974 = 1.40).
Although Walker discounted the SEER estimate because he believed the

SEER areas overrepresented shipyard workers [as suggested by Smith (1980)],

Selikoff (1981) argued that the 10 SEER areas underrepresented industrial

areas and metropolitan regions which had significant asbestos activities more

than 30 years prior. [Harris of CEQ argued similarly, as reported in Smith

(1980).] Consequently, Selikoff (1981, p. 95), in contrast to Walker, concluded

that the SEER estimates may be too low.

It is also difficult to rationalize Walker’s decision to discount the SEER es-

timates of mesothelioma cases on the basis that they overrepresent shipbuild-

ing activities because Walker (1982, pp. 18-20) argued that shipyard workers

are not a heavily exposed population, based on Kolonel et al.’s (1980) cohort

study of Pearl Harbor Naval Shipyard workers. Walker (1982, Table 13) re-

ported the 1.3 multiplier for 10+ years of exposure in Kolonel et al.’s (1980)

Table 6 as the maximum relative risk in that study. However, Kolonel et al.’s

(1980) Table 5 reported a relative risk of 1.7 for 20-24 years of follow-up, and

this was for all exposure durations combined. The result for 10+ years of ex-

posure would presumably be higher than 1.7, so that Walker’s use of the 1.3

multiplier to support his conclusion that shipyard workers are not a heavily

exposed population does not appear to be appropriate.
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This discussion raises two basic questions about the results produced by

Walker in Task 1a. First, Walker’s contention that “the method presented

here is distinguished from other possible techniques in that it is tied to events

currently being observed” (1982, p. 1) is not quite accurate. Walker’s projec-

tions were tied to estimates of the number of mesothelioma cases derived from

data that have been the subject of debate (i.e., Smith, 1980). There were dif-

ferent estimates produced by other researchers (i.e., Selikoff, 1981; Hogan and

Hoel, 1981) and different estimates obtainable from plausible modifications of

Walker’s assumptions. Second, given the variability in the estimated number

of mesothelioma cases for 1975-1979, the quantity on which the projections

were based, it would have been reasonable for Walker to have empirically val-

idated certain of his assumptions (e.g., how representative of the industrial

structure of the United States was the industrial composition of the 10 SEER

areas?).

4.4.1b Task 1b: Calculate the fraction of mesothelioma cases which

have a documented history of asbestos exposure, and estimate

what fraction of the exposed are likely to have been heavily exposed

Peto et al. (1982) (see Section 2.3.1d) estimated the parameters of a model

of carcinogenesis from a group of insulation workers who had relatively ho-

mogeneous exposure to asbestos. In using those parameter estimates to make

projections of mesothelioma for the United States, Walker noted that the

parameter estimates taken from Peto et al. (1982) were appropriate only for

persons whose asbestos exposure was as high as that of the insulation workers.

Walker assumed that a hypothetical population of “insulation-worker

equivalents” (IWEs) could be subclassified according to “light” versus “heavy”

exposure. This dichotomization was required to account for the 37% higher

overall mortality rate among the heavy exposure subgroups than in the general

population (Walker, 1982, p. 14) (see Table 2.1).

Documentable Asbestos Exposure.Walker used several types of data to jus-

tify his estimate that 54% of mesothelioma cases had a documentable asbestos

exposure history because he did not possess documentary evidence of occu-

pational exposure. First, he observed that the lowest incidence rate for SEER

areas (Iowa) was only 38% of that for the area with the highest incidence rate

(Seattle). Walker suggested that if there were essentially no asbestos expo-

sure in the low-incidence area, the 38% level might indicate the background

incidence, with 62% having work-related asbestos exposure.

“Background” incidence refers to the rate at which a disease would occur

spontaneously (i.e., without exposure to the risk factor of interest). The rate

could be a product of either the disease occurring with no exposure (i.e., as a

function of the physiology of the individual) or from the extremely low levels of

asbestos exposure normally experienced by persons (e.g., 0.00003-0.003 f/liter

in outdoor air in rural areas) (ATSDR, 1990). In the case of mesothelioma, the
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notion of a background incidence level has been controversial. Selikoff (1981, p.

26) argued that the background incidence level is effectively zero; that is, in the

United States, mesothelioma is prima facie evidence of exposure to asbestos.

This still leaves open the possibility of significant nonoccupational exposure

to asbestos (e.g., household contents, neighborhood sources, and other natural

sources of asbestos) (NRC, 1984, EPA, 1986; Camus et al., 1998). In addition,

this issue was less critical to Selikoff’s (1981) model because he projected the

excess numbers of mesothelioma cases attributable to occupational exposure

to asbestos, without consideration of the background incidence in the general

population. To do this, all Selikoff (1981) really needed was to establish that

the attributable risk (ARH) among insulation workers was close to unity. On
the other hand, Walker (1982) needed a bona fide estimate of attributable risk

(AR) in the general population in order to identify the numbers of “excess”
mesothelioma cases required as inputs to Peto et al.’s (1981) model. Although

Walker (1982) rejected Peto et al.’s (1981) assumption that AR = 76%, he
accepted the rest of their model and significantly extended its application.

Because the SEER data on background levels of incidence were likely to be

questioned (e.g., there was likely to be some job-related exposure to asbestos

in Iowa), Walker presented results from six studies which reported from 16%

to 77% (median 54%) of mesothelioma cases with an occupational history of

asbestos exposure. Walker recognized that the range 16-77% was probably a

function of such factors as different populations sampled, differences in study

design (e.g., source of occupational history), and statistical variation.

Finding the first two types of evidence suggestive of the level of exposure

to asbestos but not conclusive, Walker cited the results of the case-control

study of McDonald and McDonald (1980) (see Section 2.3.2). Job histories of

344 mesothelioma cases were obtained from interviews with relatives. Cases

were matched with the records for 344 controls who died of pulmonary metas-

tases from nonpulmonary primary cancers. Controls were matched for age,

sex, hospital, and year of death. The job histories were submitted to four

research centers for assessment as to the probability that they entailed expo-

sure to asbestos. These four centers categorized the job histories into definite,

probable, possible, and unlikely exposure to asbestos. Walker wished to eval-

uate how consistently the four centers could rate the job histories as to the

likelihood of definite or probable asbestos exposure.

It is difficult to evaluate the results from McDonald and McDonald (1980)

because the four categories were not given quantitative definitions (e.g., what

probability is associated with a “possible” exposure?). Walker, in assessing

the McDonald and McDonald data, noted that there were significant differ-

ences between the proportion classified as possible exposures by three centers

and the proportion so classified by the Environmental Sciences Laboratory at

Mt. Sinai. He judged that the three centers represented a “consensus” and

used their average proportion with a definite or probable exposure (54%) as

the “best estimate” of the proportion of mesothelioma cases with some oc-
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cupational exposure to asbestos. This was the same as the median of the six

studies cited earlier, but lower than the 62% estimate from SEER data.

Given the imprecision of recall data (especially from secondary sources

such as relatives of deceased workers), it would seem equally plausible to group

cases with possible, probable, or definite exposure. With this grouping of the

categories, there would be a consensus of 73.6% across all four centers. This

was the interpretation suggested by McDonald and McDonald in their original

report (1980, p. 1652). McDonald and McDonald (1981, p. 78) reiterated their

view that the “true proportion” of mesothelioma due to occupational asbestos

exposure was about 75% in 1975.

There are several additional questions about Walker’s interpretation of

these data. For example, the differences between the Mt. Sinai group and the

other centers in assigning cases to the probable exposure category could be

the result of Mt. Sinai’s greater experience in analyzing such data. McDonald

and McDonald (1980, p. 1654) recommended using an occupational classifi-

cation developed by the Mt. Sinai group in preference to the classification

of exposure in the four categories (see Section 2.3.2). Walker did not explain

why his reinterpretation of the data was preferable to the interpretation and

conclusions reached by the original investigators, McDonald and McDonald.

Walker assumed that the proportion of male mesothelioma cases with

documentable occupational exposure to asbestos exactly equaled the propor-

tion of mesothelioma cases attributable to occupational exposure to asbestos

(54%). Walker’s tabulations reported only 54% of the total number of cases

projected in the model.

If Walker had accepted McDonald and McDonald’s (1981) estimate of 75%

of cases with documentable occupational exposure to asbestos, the number of

occupationally related cases would have been increased by 38.9%. In adopting

the 54% figure, Walker made no adjustment for possible underreporting of

occupational exposure to asbestos, misreporting of occupational exposure to

asbestos, or misreporting of job histories (leading to errors in interpretation of

those histories) in interviews with secondary sources (e.g., family survivors).

Heavily Exposed Workers. Walker divided the 54% of mesothelioma cases

he attributed to occupational exposure to asbestos into “heavily” and “less

heavily” exposed groups. He used the ratio of peritoneal to total mesothelioma

as an index of the level of exposure to asbestos. Use of the peritoneal-total

mesothelioma ratio to determine the degree of exposure was discussed in other

sources (e.g., Lemen et al., 1980, p. 3), but it has never been confirmed and

remains highly suspect (see Section 2.5).

Walker attempted to validate the use of the peritoneal-total mesothelioma

ratio as an index of the intensity of exposure by examining how that ratio

varied over study populations with different levels of exposure.

To do this, he presented data (Walker, 1982, Tables 4-6) from 11 epidemi-

ological studies, with subpopulation results stratified into 3 exposure levels:

(1) heavily exposed — 7 subpopulations ranging from 0% to 64% peritoneal
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(median 44%); (2) less heavily exposed — 3 subpopulations ranging from 13%

to 28% peritoneal (median 16%); and (3) general population with no identifi-

able exposure — 6 subpopulations ranging from 5% to 24% peritoneal (median

12%).

From the evidence presented on the variation of the ratio of peritoneal to

total mesothelioma with exposure level, Walker concluded that it was legiti-

mate to use the ratio as an index of exposure. Furthermore, because 189 of 397

cases (48%) in the seven study populations with inferred high exposure had

peritoneal mesothelioma, Walker proposed that 50% of workers with heavy

exposure who develop mesothelioma would develop peritoneal mesothelioma.

Among workers with moderate exposure to asbestos who develop mesothe-

lioma, Walker estimated that 20% would be peritoneal.

Supposing that 50% of mesothelioma among heavily exposed workers was

peritoneal, Walker argued that only a small fraction of total U.S. mesothelioma

incidence would occur among heavily exposed workers because, he claimed

(correctly), only 9-13% of U.S. mesothelioma was peritoneal. Specifically, as-

suming that 50% of mesothelioma among heavily exposed persons was peri-

toneal, Walker argued that an upper limit of 26% (actually 18-26%) of U.S.

mesothelioma occurred among heavily exposed workers.

Walker argued that the estimate of 26% of mesothelioma cases due to

heavy occupational exposure was too high because it did not allow for any

peritoneal tumors among persons with little or no known asbestos exposure.

Consequently, he suggested that the 20% of the cases McDonald and Mc-

Donald (1980) classified as “definite” exposures was a better estimate of the

proportion of mesothelioma due to “heavy” exposure levels. Walker chose 34%

[i.e., the proportion of workers with “probable” exposure to asbestos in Mc-

Donald and McDonald (1980)] as his preferred estimate of the number of cases

arising among workers with “less heavy” or “identifiable light” exposure to

asbestos.

We will argue that the evidence he presented is not conclusive for several

reasons. First, Walker combined data from a range of studies with varying

fiber types and sizes, exposure conditions, and study designs. Only one study

(McDonald and McDonald, 1980) presented mesothelioma results for all three

of Walker’s exposure levels, and this study estimated that there were 22.3%

peritoneal mesotheliomas for males with moderate and heavy exposure com-

bined (16% and 44% separately) compared to 23.7% peritoneal mesotheliomas

for all other males. This study showed no consistent gradient in the peritoneal-

pleural ratio over exposure levels. In addition, in the absence of other factors,

it would require that Walker’s estimate of 9-13% peritoneal mesothelioma

in the general population should be increased by a factor of 2. Females had

a much lower level of exposure to asbestos (less than 2% with a recorded

asbestos work history), yet McDonald and McDonald (1980) indicated that

39% of mesotheliomas among females were peritoneal. To the extent that fe-

male mesothelioma cases had lower average exposure than male mesothelioma

cases, the finding of 39% female versus 22-24% male peritoneal mesotheliomas
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appears to refute Walker’s assumption that the peritoneal-total mesothelioma

ratio indicated the intensity of exposure.

Second, his categorization of the level of exposure for a specific popula-

tion (i.e., “heavily exposed,” “less heavily exposed,” and “general population

and cases with no identifiable asbestos exposure”) was not based on explicit

quantitative criteria — so that the exposure level cutpoints assigning a study

population to a category cannot be directly evaluated. If we followed Mc-

Donald and McDonald’s (1980) recommendation to use the Mt. Sinai group’s

method of classifying occupations at high risk to asbestos exposure, then we

could refer to Selikoff’s mesothelioma projections (1981, p. 131, Table 2-23) to

estimate 17% of mesotheliomas among heavily exposed workers (i.e., asbestos

insulation workers, and primary and secondary asbestos factory workers) in

1977 (and 20% in 1997). Taking account of McDonald and McDonald’s esti-

mate that 75% of mesothelioma was due to occupational exposure, we estimate

that about 13% of combined occupational and nonoccupational mesothelioma

in 1977 would have been among heavily exposed workers (15% in 1997). From

this perspective, Walker’s 20% estimate appears to be too high.

Third, the type of fiber to which the worker was exposed was not controlled

in the analyses of the peritoneal-total mesothelioma ratio. Peto et al. (1981,

1982) argued that this ratio was related to fiber type, with amphiboles largely

responsible for peritoneal mesotheliomas. McDonald et al. (1980, p. 22) also

argued that fiber type was critical in determining the proportion of peritoneal

tumors even though studies had major differences in exposure levels.

The EPA (1986) reviewed 41 epidemiologic studies and came to the same

conclusion, although they cited greater potency for crocidolite than amosite

asbestos within the amphibole mineral group (see Section 2.5). The EPA

(1986) also indicated that chrysotile asbestos (a serpentine mineral) rarely

produced peritoneal mesothelioma but had roughly comparable potency to the

amphiboles in producing pleural mesothelioma. There continues to be some

controversy over the role of chrysotile in pleural mesothelioma. For example,

Churg (1988) argued that chrysotile rarely produced pleural mesothelioma,

whereas Smith and Wright (1996) argued that chrysotile was the main cause

of pleural mesothelioma due to its very high market share (90-95% of all

commercial asbestos is chrysotile). Either way, the occurrence of peritoneal

mesothelioma is indicative only of exposure to amphibole asbestos, not of the

intensity of that exposure.

Similarly, the type of industrial processes to which the worker was exposed

was not controlled in the analysis of the peritoneal-total mesothelioma ratio.

The results in Chapter 2 indicated that the physical properties of the asbestos

fibers were critical in the induction of mesothelioma. For example, Lippman

(1988) concluded that the critical factor is the size of the fiber: The highest risk

for mesothelioma was associated with fibers that are 5-10µm in length and less
than 0.1µm in diameter. For lung cancer, the highest risk was associated with
fibers 10-100µm in length and 0.3-0.8µm in diameter. Thus, the intensity of
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exposure must take account of the fiber size distribution and this may change

according to the type of industrial process involved.

As a consequence, it is not clear how, or even if, the peritoneal-total

mesothelioma ratio relates to exposure level because the ratio is confounded

with the different mix of fiber types, fiber size distribution, and industrial

processes in different study populations over time.

Fourth, the assumption of dose dependence implicitly introduced a non-

linear dose response function that was wholly inconsistent with the rest of

Walker’s model. Specifically, this assumption contradicts Peto et al.’s (1981)

assumption of linearity of dose-response (see Section 4.2), the key assumption

of Walker’s Task 1d. Peto et al. (1981, p. 52) noted that “the two sites can

be amalgamated. Both diseases are quickly fatal, and the incidence of cases

caused by asbestos exposure for both appears to be approximately propor-

tional to the 3.5th power of time since first exposure, irrespective of age at

first exposure, duration of exposure, or fiber type.” By assuming that the

peritoneal-total mesothelioma ratio was dose dependent, Walker implicitly in-

troduced a nonlinear dose-response function for one or the other (or both)

forms of mesothelioma. Once this was done, the justification for computing

effective levels of exposure or insulation-worker equivalents collapsed. This

part of Walker’s model contradicted the findings of dose independence in Mc-

Donald and McDonald (1980) and undermined the logic of the rest of the

model.

Fifth, the estimate that 54% of mesothelioma was due to occupational ex-

posure to asbestos, with 20% arising among workers with high exposure and

34% among workers with “less heavy” or “identifiable light” exposure, was

based on a single study (McDonald andMcDonald, 1980). Furthermore, the es-

timate was based on interpretations of that study not proposed by the original

investigators. Walker argued that assignment of a worker to the “definite” ex-

posure category was equivalent to a high exposure. It is not clear that such an

equivalence existed. In addition, Walker assumed a dose-dependent peritoneal-

total mesothelioma ratio, whereas McDonald and McDonald’s (1980) data

suggested dose independence. The increased incidence of peritoneal mesothe-

lioma among insulation and asbestos factory workers was attributed by Mc-

Donald and McDonald to crocidolite and amosite exposures, not to a nonlinear

dose response.

Our review suggests that the 54% estimate could be as high as 75%,

whereas the 20% estimate could be as low as 13%. These differences should be

evaluated in the context of the purposes to which the projections will be put.

The appropriateness of one or the other set of estimates may be quite differ-

ent for estimating the number of cases that might deserve compensation as

opposed to estimating the number of lawsuits that will eventually be brought

to court and are likely to result in an actual award. For example, if family

survivors are not aware of prior occupational exposure to asbestos, then they

would be unlikely to sue, and Walker’s 54% estimate would seem more defen-

sible. Alternatively, it could be argued that the occupations included in the
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alternative estimates of heavily exposed workers should include heating trades

and some fraction of construction workers. For example, Selikoff’s (1981) com-

putation of relative risks for heating trades exceeded those of manufacturing

workers (4.9 vs. 4.6; see Section 3.3, Task 3). This would make Walker’s 20%

estimate appear more defensible.

4.4.1c Task 1c: Estimate the timing of exposure in U.S. cases

Peto et al. (1981) derived the timing of exposure from mesothelioma cases

reported for Los Angeles County. Peto et al. (1981) argued that Los Ange-

les County had mesothelioma incidence rates similar to those of the United

States and might be expected to have an exposure history representative of the

United States. To estimate the distribution of the timing of exposure, Walker

instead used data from 278 litigants of the Johns-Manville Corporation who

had mesothelioma. Use of the exposure history of Johns-Manville litigants

biases the projections toward the specific experience of Johns-Manville em-

ployees and of those who had previously filed suit. Although this made the

projections more suitable for Johns-Manville, it also made the projections less

applicable to the total U.S. population.

Because the data on the distribution of exposure among the 278 litigants

were not presented in Walker’s (1982) report, we did not compare the expo-

sure histories of Johns-Manville workers with the Los Angeles County data.

However, we did assess the applications made of the data on the exposure his-

tories of the Johns-Manville workers. Section 5.3 discusses use of these data

in sensitivity analyses.

Walker used only Johns-Manville litigants with an “analyzable” exposure

history. An analyzable exposure history had a plausible age at first exposure

(between 15 and 54 years) and a year of first exposure between 1930 and 1954.

Walker divided the 278 cases into 5-year age groups and 5-year calendar date

of exposure groups. He estimated the age-and-date-of-first-exposure numbers

of “ insulation-worker equivalents” from the model of mesothelioma described

by Peto et al. (1981), using the adjusted age-specific mesothelioma incidence

counts estimated from SEER.

This approach was described in Section 4.2. If

My1(a1) = expected number of mesothelioma cases at age a1 in year y1
Eay(t) = expected number of mesothelioma cases at age a1 in year y1

among persons initially exposed in year y = y1 − t at age a

= a1 − t,

then

My1(a1) =

a1X
t=0

Ea1−t,y1−t(t)

and

Fay(t) = Eay(t)/My+t(a+ t)
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is the fraction ofMy1(a1) with initial age a = a1− t and date of first exposure
y = y1 − t. Hence, if Fay(t) and My1(a1) are obtained from different sources,

then one can write

Eay(t) = Fay(t)×My+t(a+ t).

Walker obtainedMy1(a1) from his adjustments to SEER data and Fay(t) from
the Johns-Manville litigation data.

A problem with this procedure is that the number of Johns-Manville liti-

gants expected to fall in any age-date quinquennium of exposure cell is small

(i.e., 278/40 = 6.95), although not as small as in the Los Angeles County data
(69 cases in total). Thus, the estimates of the proportion of the total exposure

in each age-date cell will not be statistically stable. Peto et al. (1981) recog-

nized this problem in their efforts to make projections using the Los Angeles

County data. They suggested that the experience averaged over a large num-

ber of cells would tend toward the “correct” experience (i.e., errors resulting

from small expected cell sizes would tend to cancel out because of the con-

straint to reproduce the current national rates). They evaluated the effect of

a substantial change in the assumed distribution of age at first exposure and

found the overall projection to be “surprisingly robust.” Nonetheless, they

cautioned about the impact of small errors in later dates of first exposure — a

warning that motivated Walker’s Task 1f.

Walker assumed that the age- and date-specific exposure patterns were

invariant with respect to the level of exposure. This assumption would seem

to be more valid for a specific class of workers (i.e., manufacturing employees

of Johns-Manville) than for the United States as a whole. For example, if

World War II shipyard workers had low levels of exposure [as suggested by

Walker (1982, pp. 18-20)], then the average exposure during WWII would

be expected to be lower than before and after the war when proportionately

more workers were in manufacturing. In this case, exposure levels would be

correlated with the date of exposure.

4.4.1d Task 1d: Calculate the number of workers now alive and

exposed at different times in the past which would be required to

account for the current observed mesothelioma incidence

Walker (1982) combined his estimated 54% of mesothelioma cases having an

occupational exposure history with data on the incidence of mesothelioma

in heavily exposed workers. At the heart of these computations is a theory

of carcinogenesis due to Armitage and Doll (1954, 1961) called the multi-

hit/multistage theory of carcinogenesis. In this theory, the incidence of a tu-

mor may be described by a simple mathematical function (called the Weibull

hazard function; see Section 2.3.1d):

It = b(t−w)k,
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where t is age or time, k + 1 = m is the number of cellular changes (“hits”

or “stages” depending on whether they have to occur in a specific order)

required before cellular growth control is lost, b is a proportionality constant

that represents the product of the probability of each of the m events, w is

a waiting or lag time, and It is the incidence rate at t. If Nt is the size of

the population at t that is at risk of incidence at rate It, then the expected

number of cases at time t can be written as

Et = ItNt.

Walker used two different forms of this function. The first, due to Peto et

al. (1982), was

It = 4.37× 10−8t3.2.
The second was modified by the inclusion of a “lag” time (Breslow, 1982),

It = 1.37× 10−5(t− 15)1.846,
to indicate that the likelihood of mesothelioma occurring less than 15 years

after the start of exposure was very small. The 15-year adjustment in the

second form of the Weibull explains why the two estimates of b (i.e., 4.37×10-8
and 1.37× 10-5) and k (i.e., 3.2 and 1.846) were very different. This form was

attributed by Walker to Newhouse and Berry (1976), although, as Newhouse

and Berry indicated, it was employed by Cook et al. (1969).

A number of issues arise in using the Weibull hazard function to project the

size of the exposed population. First, the Weibull hazard function was derived

from a specific theory of human carcinogenesis. The use of the function for

projection must be considered in the context of the validity of that theory.

Although the multihit/multistage model is the most generally accepted model

of human carcinogenesis for use in risk assessment, alternative theories have

been proposed by Armitage and Doll (1957), Burch (1976), Whittemore and

Keller (1978), Moolgavkar and Venzon (1979), Portier and Kopp-Schneider

(1991), and Tan and Chen (1991), among others. For example, the multistage,

multipathway model proposed by Tan and Chen (1991) may allow a more

accurate representation of the roles of p53 tumor suppressor genes in asbestos-

related cancers (Hemminki et al., 1996).

Second, the estimators of the parameters of any nonlinear function such as

the Weibull are frequently highly correlated. In the two forms of the function

presented, the introduction of a lag of 15 years reduced the exponent from 3.2

to 1.846.

Third, estimates of individual parameters may be highly uncertain. For

example, Peto et al. (1982) found a standard error of estimate of 0.36 for

k, which suggested that the estimate of 3.2 could be plausibly any value

in the range 2.5 to 3.9 (95% confidence interval). Furthermore, because of

concerns about biases due to underdiagnosis of mesothelioma in old age and

overprediction of the expected numbers at 0-14 years after first exposure, Peto
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et al. (1982) recommended the use of 3.5 as a point estimate with a plausible

range of 3 to 4. Walker did not alert the reader to this uncertainty.

Additional uncertainty in the parameter b was not addressed by Peto et al.

(1982) or Walker (1982). The EPA (1986, p. 95) concluded that a reasonable

estimate of the 95% confidence limit for mesothelioma incidence would be a

factor of 5 (i.e., estimates are divided by 5 and multiplied by 5 to determine

the range). These limits are conditional on fixed values of k and w, so that

the large range is not simply a result of correlated parameter estimates (see

Section 2.4 for details).

Fourth, Peto et al. (1982) fitted their function to mortality data, whereas

Walker (1982) applied the function to incidence data. Given the parameter

correlations and the ability of the Weibull function to accommodate a lag of

up to 15 years without a major loss of fit, we can assess the impact of changing

from mortality to incidence data by holding k constant and computing the

change in b needed to match the incidence and mortality functions at some

select time since first exposure t, that is,

bI(t−w)k = bM tk

so that
bI

bM
=

µ
t

t−w

¶k
,

where w is the average survival time from diagnosis to mortality. Assuming

t = 35 and w = 0.5, then bI would be 4.7% larger than bM . Walker (1982) set

bI = bM without comment.

Because the incidence function was inverted to estimate the size of the

exposed population, yielding

Nt = Et/It,

it will be important to establish the sensitivity of the projections both to the

uncertainty in the estimates of its parameters and to other adjustments uti-

lized by Walker. For example, Walker, but not Peto et al. (1982), multiplied

the b’s (i.e., either 1.37× 10-5 or 4.37 × 10-8) by a “correction factor” of 0.8
in the two incidence equations. Walker (1982, p. 13) reported the reason for

this adjustment as follows: “Sources reporting to [Johns-Manville’s] legal staff

indicate that there may be some overstatement in Selikoff’s data of the num-

bers of mesothelioma cases actually occurring. The overstatement certainly

appears to be the case for asbestosis, and probably is negligible for lung can-

cer.” Walker did not describe the sources reporting to Johns-Manville’s legal

staff, nor did he describe the reasons for selecting the value 0.8 as the appro-

priate adjustment.

Walker correctly cautioned that the number of “exposed workers” pro-

duced in the projections was an artificial number. The procedure projected

the numbers of “workers” that would have to be exposed at the level of the
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insulation workers to produce the “observed” number of mesothelioma cases.

Clearly, not all workers were exposed to the same level (or fiber type) of

asbestos as the insulation workers.

Walker argued that projecting “insulation-worker equivalents,” and not

the actual number of workers, was not important for forecasting the number of

mesothelioma cases. This is reasonable if the dose-response function is linear,

because the effective level of exposure can be determined without knowing

the absolute number of persons exposed (see Section 4.2).

Based on the subjective impressions of Johns-Manville’s legal staff, Walker

argued that most lawsuits were coming from heavily exposed workers. He es-

timated the intensity of exposure using the estimates of the proportions of

mesothelioma cases resulting from identifiable occupational exposures to as-

bestos derived from Task 1c. His tabulations reported only those mesothelioma

cases (54%) accepted as due to occupational exposure based on the ability to

document occupational exposure to asbestos.

4.4.1e Task 1e: Using actuarial techniques, calculate the size of

the originally exposed worker population which would yield the

estimated numbers of currently living, previously exposed workers

The calibration calculations (Section 4.2) were based on assumptions about

disease-exposure relations, and the further assumption, not based on epidemi-

ological research, that the estimated age- and date-specific exposure distrib-

ution was exactly that of Johns-Manville litigants.

Walker changed the procedure of Peto et al. (1981, 1982) only by multi-

plying the b coefficient by 0.8 in both forms of the Weibull hazard function

and by interpreting each projected population (past and future) Pay(t) aged a
in year y after t years from first exposure to asbestos as an insulation-worker

equivalent count of exposed persons.

Peto et al. (1981) observed that estimates of cohort survival Say(t) (Section
4.2) can be obtained from national cohort life tables. They indicated that one

should also take account of higher mortality among exposed workers. Walker

(1982, p. 13) implemented this recommendation in the following way. First, he

cited Selikoff’s (1981) observation that insulation workers had a 37% higher

mortality rate than the general population (see Table 2.1). He assumed that a

relative mortality risk of 1.37 applied to the 20% of surviving IWEs with heavy

asbestos exposure. Second, he assumed that the remaining 34% of surviving

IWEs had a relative risk of 1.00. He calculated a weighted average relative

risk among surviving IWEs as

1.14 =
20

54
× 1.37 + 34

54
× 1.00.

He then downward adjusted the national cohort life table survival function,

say S∗ay(t), using the approximation
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Say(t) =
£
S∗ay(t)

¤1.14
.

Walker did not identify this adjustment as an approximation to the

marginal survival function for a mixed population of high-risk workers and

average-risk workers. The exact expression for survival for this mixture is

Say(t) =
20

54
× £S∗ay(t)¤1.37 + 3454 × S∗ay(t),

which includes the same parameters in different roles. Table 4.1 illustrates

Walker’s approximation. The top panel shows that the approximation is biased

downward with an absolute error of 0.63% or less. The relative error increases

in size over time, surpassing 2% when 70% of the population has died. These

results suggest that the approximation is reasonably accurate.

There are five concerns about Walker’s implementation of this procedure.

First, the weights should have been adjusted to reflect the relative frequency

of moderately exposed actual workers, not their IWE frequency. For example,

if each moderately exposed IWE represents 2.6 actual workers (see Task 3a

later in this chapter), then the adjusted formula for the weighted average

relative risk would be

1.07 =
20

108.4
× 1.37 + 88.4

108.4
× 1.00,

using 2.6 × 34 = 88.4. In this case, the excess relative risk (0.07) would be
half of Walker’s estimate (0.14). The bottom panel of Table 4.1 shows the

impact of this change on the marginal survival function, using both Walker’s

approximation and the exact solution. About half of the gap between the

cohort survival function and Walker’s estimate is removed. Also, with the

revised parameter settings, the absolute error in Walker’s approximation to

the exact solution is reduced by about one-third.

Alternately, if each moderately exposed IWE represents 10 actual workers

(see Task 1f), then the adjusted weighted average would be

1.02 =
20

360
× 1.37 + 340

360
× 1.00,

with an excess relative risk (0.02) one-seventh that of Walker’s estimate.

Second, we noted in Task 1b that the paired estimates of 54% and 20%

could plausibly be 75% and 13%, respectively. In this case, Walker’s formula

for the weighted average relative risk would yield

1.06 =
13

75
× 1.37 + 62

75
× 1.00,

with an excess risk of 6%, not Walker’s estimate of 14%. However, even this

is too high because the weights should reflect assumptions about the actual

numbers of workers in each exposure class. For 2.6 workers per IWE, the

correct weighted average relative risk would be
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1.03 =
13

174.2
× 1.37 + 161.2

174.2
× 1.00,

and for 10 workers per IWE,

1.01 =
13

633
× 1.37 + 620

633
× 1.00.

Thus, using these alternative assumptions, the excess risk would be in the

range 1-3% — far below Walker’s 14% estimate.

Third, it is not clear why Walker assumed that the moderately exposed

workers had a relative risk of 1.00. From Selikoff’s (1981) analysis (see Table

2.1), it is plausible that this relative risk could be as low as 0.83, in which

case the weighted average would be 1.03 using Walker’s formula and 0.93 or

0.86 using the corrected formulas with 2.6 or 10 workers per IWE.

Fourth, the use of a constant relative risk assumed that the increase in risk

was independent of time since first exposure. This was clearly contradicted

by Selikoff (1981) (see Section 3.3.4). In fact, the relative risk for the second

decade of follow-up of insulation workers was 1.49 (Selikoff and Seidman, 1990)

(see Table 2.1), compared to 1.37 for the first decade. As a consequence, the

originally exposed cohort, Nay(0), would be overestimated, but Eay(u), the
number of new excess cases at time u, would be underestimated for u > t.

Fifth, the projection calculations for mesothelioma and lung cancer were

stratified according to intensity of exposure (Walker, 1982, p. 13). In this

case, it would have been more appropriate to adjust national cohort survival

probabilities with different relative risk exponents, 1.00 or 1.37, depending on

whether the exposure level was moderate or heavy. Not only would this have

yielded an exact solution for the separate survival functions under the constant

relative risk assumption, but it could have been implemented without having

to specify the number of actual workers per IWE in the weighted average

formula used by Walker to adjust the marginal survival function.

In this task, Walker not only chose an inferior method, but he also made

an error in formulating the weights used in its implementation. The impact of

this error was to bias the exponent in the survival function upward by 7-14%,

leading to underpredictions of the number of mesothelioma cases in the later

years of the projection period. The impact for the early years of the projection

period was minor.

4.4.1f Task 1f: For exposure in the more recent past which would

give rise to no current disease, estimate the quantity of exposure,

since this could still give rise to future disease

The Weibull incidence model could not be used to estimate the number of

insulation-worker equivalents who were exposed less than 20 years before the

estimates of the latest number of mesothelioma cases were made (1975-1979).

Due to the long latency time for mesothelioma (i.e., more than 20 years), none
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of these cases could represent recent exposure. To determine the more recent

patterns of exposure, Walker employed data on the “reported age at first

entry into an asbestos-related industry” from a survey of workers conducted

by Elrick and Lavidge (no published reference given).

In the survey, 214 workers were identified who recalled working in an

asbestos-related industry. Of these 214 workers, only 79 recalled exposure to

asbestos. Nevertheless, Walker used the age- and date-specific employment ex-

perience of all 214 workers. This was done to increase the stability of the age-

and date-specific distributions. However, even using data on all 214 workers,

the statistical stability of the estimates of the age- and date-specific distri-

butions might be questioned — especially because there were only 77 cases

reported for the period after 1955 (and only 31 recalled exposure).

To combine this experience with the distribution of insulation-worker

equivalents from the Weibull model, Walker iteratively adjusted the forecasts

of the age- and date-specific exposure distribution for the following reasons:

• To maintain the pre-1955 exposure distribution implied by the cases

• To have the post-1955 figure stand in the appropriate proportions to the

pre-1955 figures as indicated by the survey (i.e., 36% post-1955)

• To constrain the projected number of mesothelioma cases to equal the

estimated numbers of mesothelioma cases in 1975-1979

In making the projection, Walker argued, plausibly, that occupational ex-

posure to asbestos had declined since 1965. To reflect this reduction in expo-

sure, Walker discounted workforce exposure by 10% for 1960-1964, 50% for

1965-1969, 75% for 1970-1974, and 100% for 1975-1979. The data from which

these discounts were estimated was not specified.

The results of the above-discussed calculations and assumptions were pre-

sented in Table 9 of Walker’s (1982, p. 15) report. The numbers in these

tables represented only the number of insulation-worker equivalents necessary

to produce the 54% of mesothelioma which Walker argued was plausibly due

to occupational exposure to asbestos. Walker presented no formal procedure

to translate insulation-worker equivalents into the total number of workers.

Although Walker suggested that each moderately exposed worker might rep-

resent 5 or 10 actual workers, no information was given to justify this trans-

lation.

4.4.2 Task 2: Project Mesothelioma Incidence

4.4.2a Task 2a: Adjust exposed population and calculate future

incidence of mesothelioma

Walker developed forecasts of new mesothelioma cases for 1980-2009 among

men with occupational asbestos exposure histories (Walker’s Table 10). The

equations used to produce these projections were derived from Peto et al.

(1981) (see Section 4.2). The basic equations underlying the projection are
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identical to the calibration equations used in Task 1e. To review, if the cohort

aged a1 in year y1 was first occupationally exposed to asbestos t1 years before

y1, then the expected number of excess cases in this cohort t years after year

y1 is

Ea1−t1,y1−t1(t1 + t) = Ea1−t1,y1−t1(t1)×
µ
t1 + t−w

t1 −w

¶k
× Sa1y1(t).

This expression clearly shows that the projection is independent of the es-

timate of the initial IWE exposure count in prior years. Ea1−t1,y1−t1(t1) is
estimated from mesothelioma mortality surveillance and the survival fraction

Sa1y1(t) from a cohort life table. The mesothelioma mortality count at age a in
year y is a sum of counts projected for each possible time since first exposure

to asbestos.

These equations assume that the exposure to asbestos has effectively

stopped by the calibration date y. Otherwise, the projection would be in-

complete because the mesothelioma cases due to new exposure after the cali-

bration date would be ignored. This is distinct from the adjustment in Task

1f for exposures shortly before the calibration date.

Once the age- and date-specific exposure distribution of workers was gen-

erated, the same function used to generate it was applied to forecast the future

numbers of mesothelioma cases. Many of the same issues relevant to the use of

the Weibull incidence function to generate the exposure distribution are rel-

evant when the same function is used to forecast future mesothelioma cases.

For example, the initial level of incidence was based on adjustments to the

SEER data; the number of workers estimated to have entered the workforce at

each age and past date was determined from data on Johns-Manville litigants,

from the Elrick and Lavidge survey, from the SEER incidence estimates, and

from assumptions about the level of exposure and survival. In the Weibull

incidence function of the projection equations, both Peto et al.’s (1982) and

Breslow’s (1982) proportionality constants b were multiplied by 0.8.

Walker further assumed that age-specific mortality rates after 1979 would

be unchanged from their late 1970s values. In fact, mortality was declining

prior to the calibration period and it has continued to decline since that time

(SSA, 1992, 1996, 1999). The effect of this decline is to introduce an implicit

increase, on the order of 0.5-1.5% per year, in the relative risk of mortality

for all exposed workers over the projection period.

Table 4.2 displays Walker’s projections of the future number of mesothe-

lioma cases based on both the Peto et al. (no latency) and Breslow (15-year

latency) models. The differences between these two sets of estimates, given the

likely impact of other factors and assumptions, were not large. Based on the

logic of Task 1b, Walker used an estimate of 2630 mesothelioma cases 1975-

1979 instead of the SEER-based estimate of 4870. The difference between

2630 and 4870 reflects Walker’s assumption that 46% of all mesothelioma

cases would arise in individuals without occupational exposure histories.
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Table 4.2:  Projected Numbers of New Mesothelioma Cases, 1980-2009, in Men with 

Occupational Asbestos Exposure Histories, Using Two Models of Incidence

15-Year
No Latency Period Latency Period

(Peto) (Breslow)

2,630 2,630

3,200 3,400

3,500 3,900

3,600 4,200

3,400 4,000

2,900 3,500

2,100 2,500

18,700 21,500

Source:  Walker (1982, Table 10).

1980-1984

Year

2005-2009

Total 1980-2009

1975-1979

1985-1989

1990-1994

1995-1999

2000-2004

Walker’s projections can be compared with Selikoff’s projections, provided

we recognize that Selikoff projected all cases of mesothelioma attributable to

occupational exposure to asbestos, not just those that can be documented

sufficiently to support a tort claim, and that Selikoff (1981, p. 94) was more

confident in the timing of his projections than in the actual numerical levels

at any given time. The ratio of the projected mesothelioma cases for 2005-

2009 versus 1980-1984 averaged 0.7 in Walker’s two projections versus 1.7 in

Selikoff’s projection (see Table 3.3). Walker projected roughly a 30% decline

by 2005-2009, whereas Selikoff projected a 70% increase. Walker’s peak pe-

riod was 1990-1994, whereas Selikoff’s peak period was 2000-2004. However,

Selikoff provided projections for 11 industry/occupation groups and 2 of these

(shipbuilding/repair and railroad engine repair) reached their peak mesothe-

lioma incidence in 1985-1989 and had combined ratios for 2005-2009 versus

1980-1984 of 0.8 (and separate ratios of 0.9 and 0.3). Thus, Walker’s projection

had a different timing of cases than Selikoff’s overall projection, but the timing

was within the range of some of Selikoff’s occupation-specific projections.
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4.4.2b Task 2b: Estimate the sensitivity of mesothelioma

projections to the assumptions involved

Walker briefly discussed the results of certain sensitivity analyses he con-

ducted. His presentation lacked sufficient detail for a precise and quantitative

evaluation.

The sensitivity of the projections to certain linear factors suggested that

they could cause more than a 30% variation in his projections. For example, an

increase of 25% in the estimated number of mesothelioma cases for 1975-1979

might arise by using Selikoff’s estimate that mesothelioma is underdiagnosed

by about 28% in SEER data (see Section 3.4) rather than Walker’s estimate

of 10%. Important assumptions and uses of data (e.g., those involved in esti-

mating the proportion of workers with a documentable history of occupational

exposure to asbestos and the proportion of exposed workers with moderate

and heavy exposure) were not explicitly discussed in this section.

Walker claimed that changes in linear factors were not important because

they would affect the estimate of the current number of mesothelioma cases,

but not the current number of lawsuits. Because the current number of law-

suits was tied to the current number of mesothelioma cases, Walker argued

that this would lead to the estimate of the proportion of cases ending up in

court being changed in a compensatory fashion; that is, if we know there are

100 court cases and we estimate that these arise from 1000 mesothelioma cases,

then our estimate of the proportion of mesothelioma cases who sue is 10%.

If our estimates of 1000 mesothelioma cases is wrong and the true number

of mesothelioma cases is 2000, then, to produce the 100 court cases, the true

likelihood of suing must be 5%. Nonetheless, the fact that we underestimated

the number of mesothelioma cases by half could be balanced by overestimat-

ing the likelihood of suit by 2. Thus, the error in our estimate of the number

of mesothelioma cases can be compensated for by an error in the rate at which

lawsuits arise from cases. If this compensating error rate remained fixed over

the course of the projections, we would correctly project the future number of

lawsuits. Although all of this may be true, its relevance is not clear because

Walker did not generate projections of mesothelioma lawsuits.

Walker’s discussion of nonlinear parameters was oriented toward a qualita-

tive discussion of their effect on “the shape of the future mesothelioma curve.”

He argued that the shape of this curve was “relatively robust to large vari-

ations in the nonlinear parameters.” However, he presented no quantitative

evidence to support this argument.

4.4.3 Task 3: Project Lung Cancer Incidence

4.4.3a Task 3a: Adjust the size of the exposed population and

calculate future incidence of lung cancer

To project the number of lung cancer cases arising due to asbestos exposure,

Walker used estimates of the moderately and heavily exposed population de-



116 4 Forecasts Based on Indirect Estimates of Exposure

rived from the model of mesothelioma incidence. Consequently, the adequacy

of lung cancer projections depends on the adequacy of the assumptions, data,

and model used in the analysis of mesothelioma. The mesothelioma-based es-

timates of the exposed population were used in conjunction with age-specific

lung cancer risks from SEER for 1973-1978 and relative risks, specific to time

since first exposure, derived by Selikoff et al. (1980). The basic projection

equation was the same as for mesothelioma, that is,

Ea0y0(t) = Ia0y0(t)×Na0y0(t),

except that the Weibull form for Ia0y0(t) was replaced with a multiplicative
relative risk function, that is,

Ia0y0(t) = La0+t,y0+t ×Ka0y0(t),

where

Lay = expected lung cancer incidence among the general population
aged a in year y,

Ka0y0(t) = relative risk of lung cancer among cohorts of insulation workers
t years after the start of asbestos exposure at age a0 in year y0.

Estimates of Lay were obtained from SEER data for white males for 1973-

1978, by 5-year age groups from 20-24 to 75-79. These were assumed to be

fixed for all future years at the 1973-1978 level. Estimates of Ka0y0(t) were
obtained from Selikoff et al. (1980), subject to two adjustments: (1) Beginning

with the period 1980-1984, the values of Ka−t,y−t(t) were reduced at a rate
of 10% per quinquennium and (2) all values were reduced by 50%, with a

corresponding doubling of Na0y0(t), to reflect the impact of asbestos-related
lung cancer on a worker population “about one-half as intensely exposed to

asbestos as insulation workers.”

In specifying the first adjustment to Ka0y0(t), Walker used a novel in-
terpretation of the insulation worker data analyzed by Selikoff et al. (1980),

namely that “Selikoff’s multipliers can be interpreted as reflecting a reason-

ably steady rise through working life, with a decline beginning around the

time of retirement, that is, about the time of cessation of asbestos exposure”

(Walker, 1982, p. 19). This ignored Selikoff’s (1981, Fig. 2-1) demonstration

that the relative risk of lung cancer — in particular, the time at which the

decline begins — is independent of age at the start of exposure.

Walker admitted that there was no a priori reason to expect such a decline

and that other bodies of data did not suggest such a decline. Furthermore,

Walker did not discuss the rationale provided by Selikoff for the decline — an

explanation based on a phenomenon frequently experienced in occupational

cohort studies [i.e., the selective removal of high-risk persons from the cohort

by the operation of the disease risk (e.g., Selikoff, 1981, pp. 22, 88, and 180)].

If Selikoff’s explanation were true, it would seem appropriate to modify

the projection strategy to represent the effects of selection. Under a selection
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model, the risks for highly exposed individuals would not decline, but the

aggregate risk of the population would decrease as the high-risk group died

out. To model such an effect, one could use a “distributed parameter” form of

the incidence function so that the rate of occurrence of cases, the exhaustion

of highly exposed workers, and a possible decline in the aggregate relative risk

would be appropriately correlated. Even if Selikoff’s argument were not true,

it may be appropriate to make other adjustments to Walker’s procedures.

For example, as Walker suggested, there were other studies in which such a

decline was not observed. Consequently, it might have been appropriate to

make projections with no decline in relative risk. This was the approach used

by OSHA (1983, 1986) and the EPA (1986) after review of the same (and

additional) evidence on the time course of relative risks.

In specifying the second adjustment to Ka0y0(t), Walker observed that the
projected number of lung cancer cases was strongly dependent on the average

level of asbestos exposure in the population. The lower the average exposure

to asbestos, the lower will be the excess risk of lung cancer in the population

and the greater the proportion of the total lung cancer incidence that is due to

background causes (such as smoking). Among occupationally exposed workers,

it may not be possible to distinguish between excess and background cases

of lung cancer. The potential pool of litigants for an occupationally exposed

population must include all workers who develop lung cancer. To project the

number of potential litigants with lung cancer, including background lung

cancer cases, one needs an estimate of the number of exposed workers. Because

Walker had no formal procedure for determining the actual number of exposed

workers, his estimates of lung cancer cases must be considered very uncertain.

To deal with this issue, Walker set his adjustment parameters to represent

a worker population that was “about one-half as intensely exposed to asbestos

as insulation workers” (Walker, 1982, p. 20). In other words, Walker assumed

that, on average, there were two actual workers for each computed IWE.

Because the number of actual workers per IWE for heavily exposed workers

is 1.00 by assumption, this adjustment allows the implied number of actual

workers per IWE for moderately exposed workers to be determined from the

identity

2.0 =
20

54
× 1.0 + 34

54
× 2.6,

yielding 2.6 moderately exposed worker per IWE — well below the range of 5-10

workers cited by Walker in Task 1f. In this case, moderately exposed workers

had risks of asbestos-related lung cancer 38.5% of those of insulation workers.

Equivalently, their exposure intensity was assumed to be 38.5% that of insula-

tion workers — about double the mid-range relative risk estimates in Table 3.1

(i.e., for construction trades, railroad engine repair, utility services, stationary

engineers and fireman, and chemical plant and refinery maintenance).

In addition to the uncertainty in the two adjustments to the relative risk

function, Ka0y0(t), there was the uncertainty of the function itself. Neither Se-
likoff et al. (1980) nor Walker addressed this issue. The EPA (1986) reviewed
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Table 4.3:  Projected Numbers of New Lung Cancer Cases, 1980-2009, in Men 

Occupationally Exposed to Asbestos

Numbers of
New Cases

22,248

17,800

13,600

10,200

7,000

4,300

2,220

55,120

Source:  Walker (1982, Table 14).

1980-1984

Year

2005-2009

Total 1980-2009

1975-1979

1985-1989

1990-1994

1995-1999

2000-2004

models of the relative risk of lung cancer among asbestos workers using esti-

mates from 11 separate studies representing a range of fiber types, sizes, and

intensities of exposure (see Section 2.4). Their analysis suggested that a 95%

confidence limit on the relative risk would be a factor of 2.5 (i.e., estimates

are divided by 2.5 and multiplied by 2.5 to determine the range) (EPA, 1986,

p. 82). The error would be correlated over age for any given cohort of workers

at a given work-site.

In total, Walker projected 55,120 lung cancer deaths for the period 1980-

2009 (Table 4.3). Compared with the mesothelioma projections in Table 4.2,

this is an increase by a factor of 2.6-2.9. However, the timings of the two

diseases are very different. For 1980-1984, the ratio is 5.2-5.6, whereas for

2005-2009, the ratio is 0.9-1.0. Beyond 2005-2009, Walker’s projections would

yield more mesothelioma than lung cancer cases.

Walker’s projected rate of decline in asbestos-related lung cancer deaths

was much larger than that projected by Selikoff, both overall and for specific

occupations. Overall, the ratio of lung cancer cases projected by Walker for

2005-2009 versus 1980-1984 is 0.12. This ratio is much smaller than the 0.86

ratio projected by Selikoff (1981, Tables 2-22 and 2-27). Selikoff projected

both expected and excess lung cancer deaths so that their sum is comparable

to Walker’s projection. Selikoff (1981, p. 94) was uncertain of the level of his

projection; however, he was confident in the timing of the disease.

Selikoff’s two highest-risk occupation/industry groups were insulation

workers and primary manufacturers, both with a relative risk of 1.0 (Table
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3.1). For these groups, Selikoff projected 6695 lung cancer deaths in 1980-1984

and 5790 in 2005-2009, for a ratio of 0.86. Walker’s projection actually em-

ployed an assumption that the exposed workers were at a relative risk of 0.5

compared to insulation workers. Selikoff reported projections for two occupa-

tion/industry groups whose relative risks were 0.5: secondary manufacturers,

and shipbuilding and repair. For these groups, Selikoff projected 57,970 lung

cancer deaths in 1980-1984 and 29,210 in 2005-2009, for a ratio of 0.50. The

ratio for shipbuilding and repair was lower (0.41) due to the depletion of

WWII workers. The smallest ratio for the 11 occupation/industry groups an-

alyzed by Selikoff was 0.29 for railroad engine repair, 2625 lung cancer deaths

in 1980-1984, and 755 in 2005-2009.

4.4.3c Task 3b: Compare projected and observed lung cancer

figures

In this task, Walker compared the distribution of age and date of onset of

exposure for 349 litigants (1975-1981) of Johns-Manville who had lung cancer

with the distribution predicted by the model (1975-1979). The distribution

of the predicted date of first exposure and the distribution of the observed

date of first exposure of litigants (summed over age at diagnosis/lawsuit)

correlated reasonably well except for a systematic underprediction by the

model of exposures after 1960 (i.e., 10.0% observed and 4.4% predicted).

The predicted distribution of age at diagnosis and the actual distribution

of age among litigants showed a much poorer correlation. Whereas 12% of the

actual lawsuits came from persons aged 70-79 years (42 of 349), the model

predicted that 42% of lung cancer would appear among persons in this age

range (9443 of 22,248 cases). Walker argued that this discrepancy represented

a decreased propensity to sue at later ages — an observation made by Selikoff

(1981) in his analysis of insulation worker data.

The systematic differences in the observed and predicted distributions of

age and date of first exposure are significant. Because the model underpre-

dicted cases emerging from recent exposure, Walker may have assumed too

rapid rates of decrease of recent exposure — leading to an underprediction of

health effects in future years.

4.4.4 Task 4: Estimate Current and Future Asbestosis Prevalence

4.4.4a Task 4a: Predict asbestosis using mesothelioma mortality

rates in asbestotics

Walker attempted to estimate the number of persons with asbestosis by com-

bining his estimates of mesothelioma cases with data on the rate of occurrence

of mesothelioma and asbestosis simultaneously. He exploited the following

relation:

A× I =M × P,
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Number of Men
Alive with Asbestosis

Based on Task 4a Based on Task 4b

65,800 64,000

35,400 45,300

19,000 31,000

9,600 19,700

4,400 11,400

1,700 5,700

Source:  Walker (1982, Tables 16 and 18).

1980-1984

Year

   Table 4.4:  Projections of the Numbers of Prevalent Cases of Asbestosis in U.S. Males, 
1980-2009 

2005-2009

1985-1989

1990-1994

1995-1999

2000-2004

or

A = (M × P )/I

where A is the number of asbestotics,M is the annual number of new mesothe-

lioma cases in the general population (all mesothelioma cases, not just the 54%

that Walker assumed had documentable occupational exposure to asbestos),

P is the proportion of M with concurrent asbestosis, and I is the annual

incidence of mesothelioma in asbestotics.

For the period 1975-1979, Walker estimated A using M = 974, P = 0.28,
and I = 1/200, so that

A = 974× 0.28× 200
= 54,544.

Estimates of M for later periods require that Walker’s projections be con-

verted to annual counts and then be divided by 0.54 to obtain the appropriate

M value. For example, for 1980-1984, Table 4.2 indicates 3200 mesothelioma

cases under the Peto incidence function. This converts to M = 1185, and

A = 1185× 0.28× 200
= 66,360.

The value of A for 1980-1984 in Table 4.4 is 65,800, which implies that Walker

used M = 1175, which is within rounding error of our estimate of M = 1185.
In his asbestosis projections, Walker estimated A separately for each age group

in the mesothelioma projection.

His forecasts (Table 4.4) depend on the estimated values used for M , P ,

and I. We have already discussedM in detail (e.g., Task 1a), including sources
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of uncertainty. The estimate of I was based on the average experience in three

studies; the estimate of P was based on just one study (Elmes and Simpson,

1976). In the following, we will evaluate the sensitivity of the projections of

the number of asbestotics to I and P .

The studies used by Walker to provide estimates of I give a broad range

of values for I: from 1/81 (Finkelstein et al., 1981) to 1/377 (Edge, 1979). If

the estimate of I = 1/377 were used and if we use the estimate M = 1175
cases, then for 1980-1984,

A = 1175× 0.28× 377 = 124,033.
The estimate of 1/166 from the largest data series (Berry, 1981) gives

A = 1175× 0.28× 166 = 54,614.
Finkelstein et al.’s (1981) estimate of I = 1/81 gives A = 26,649. The indi-

vidual studies yield estimates 89% higher or 59% lower than Walker’s.

The estimate P = 0.28 derives from 70 cases of asbestosis among 247

mesothelioma patients (Elmes and Simpson, 1976, Table 5). However, Wal-

ker assumed that only 54% of mesothelioma cases were occupationally exposed

to asbestos, whereas asbestosis should be accepted as de facto proof of occupa-

tional exposure to asbestos (EPA, 1986, p. 177). Hence, one can improve the

estimate ofA by making an additional adjustment to obtain Pa, the prevalence

of asbestosis among mesothelioma cases occupationally exposed to asbestos.

To do this, we rely on Elmes and Simpson’s Table 2, which indicates that 264

of 277 mesothelioma cases (95.3%) with analyzable occupational histories had

definite or probable occupational asbestos exposures. Applying this rate to the

247 mesothelioma patients in their Table 5, we estimate that about 235 were

occupationally exposed to asbestos, implying that Pa = 0.30 (i.e., 70/235).
For consistency, M should be replaced with Ma, the number of mesothelioma

cases occupationally exposed to asbestos; the 1175 cases of mesothelioma in

Walker’s formula should be multiplied by 0.54 to yieldMa = 635 cases. Thus,
we can respecify Walker’s model as

A =Ma × Pa/I,

which yields

A = 635× 0.30× 200 = 38,100,
for 1980-1984 — about 58% of Walker’s reported estimate of 65,800. If Finkel-

stein et al.’s (1981) estimate of I = 1/81 is used, then A = 15,430.
The above calculations indicate that the estimate of the number of as-

bestotics (A) for 1980-1984 could plausibly range from 15,430 to 124,033 — a

factor of 8.

For the projections of asbestosis in Table 4.3, Walker also assumed that

the reduction of asbestos exposure would prevent any new cases of asbestosis

from emerging after 1984. There is no reasonable basis for this assumption. It
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contradicts the assumption in Task 4b that the time course of asbestosis and

mesothelioma mortality are very similar (Selikoff et al., 1980), which would

imply that significant numbers of asbestosis deaths would occur up to four or

five decades after initial exposure to asbestos. In addition, Walker noted that

his projections were based on severe asbestosis and that if less severe cases

were included, the prevalence of asbestosis could be up to three times larger.

4.4.4b Task 4b: Estimate asbestosis prevalence using the

equivalence between asbestosis and mesothelioma mortality

Walker attempted to verify the prevalence estimates for asbestosis by pro-

ducing alternate estimates. Walker used two findings. Death rates reported

by Selikoff et al. (1980), as a function of time from first exposure, were very

similar for mesothelioma and asbestosis. Berry (1981) reported that, among

asbestotics, 21.3% of deaths were attributed to asbestosis. Then, assuming

equal numbers of deaths from asbestosis and from mesothelioma, we have

Ma = 0.213×DA

DA = 2.8×G×A.

Here,Ma is the annual number of mesothelioma deaths among men exposed to

asbestos (available fromWalker’s mesothelioma projections).DA is the annual

number of deaths among asbestotics.G is the general death rate and is derived

on an age-specific basis from vital statistics data. The value of 2.8 represents

an estimate of the increase in the risk of mortality among asbestotics derived

from Berry (1981) and Finkelstein et al. (1981). Combining these two relations

yielded the number of asbestotics as

A =Ma/(0.213× 2.8×G),

which yielded the estimate A = 64,000 for 1980-1984 (Table 4.4). In devel-

oping the projections in Table 4.4, Walker applied the above equation using

age-specific projections of Ma and G. The projections of A are sensitive to

assumptions and questions arising in the estimate of Ma and the estimate of

21.3%. If the data used to estimate this latter probability were binomially

distributed, then it would have a standard deviation of 2.5% and a 95% con-

fidence interval ranging from 16.3% to 26.3%, which could imply a decrease

or increase of 23.5% in A.

Walker assumed no new incidence of asbestosis after 1984. The different

results of Tasks 4a and 4b reflect the much younger age distribution implied

by using age-specific G values in the denominator of the formula for A. For

example, the latter projection for 1995-1999 was 2.05 times larger, and for

2005-2009, it was 3.35 times larger, than the former.
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4.4.4c Task 4c: Other methods of projecting asbestosis prevalence

In this subsection, three “quick and dirty” methods for estimating asbestosis

prevalence are presented and critiqued.

1. U.K. Pneumoconiosis Panels. In the United Kingdom in 1973-1976, 133

workers were certified annually as asbestotics. If the median survival time

of the least disabled workers was 15 years, 2000 workers in the United

Kingdom (i.e., 15 × 133) could be projected to have asbestosis. Because
the U.S. population was four times larger than the British population, this

estimate was multiplied by 4 to get a U.S. estimate of 8000. Because this

methodology depends on the completeness of certification of asbestosis

in the United Kingdom, this estimate was viewed as a lower bound by

Walker.

2. NCHS.Walker (1982) cited an unpublished estimate in an unpublished let-

ter by Burnham (1982) to a third party (Breslow) suggested that 427,000

people (with a range of 248,000 to 606,000) had pneumoconiosis in the

United States. This letter reported that of 1422 deaths ascribed to pneu-

moniconiosis, 72 (5%) mentioned asbestos. From these values, an estimate

of 21,000 asbestotics was obtained (i.e., 0.05× 427,000), with a range of

12,000 to 30,000.

Walker noted that the pneumoconiosis estimate was derived from a “ques-

tionnaire” (the survey was not identified). Furthermore, reporting of as-

bestosis on death certificates was very low. For example, Selikoff et al.

(1979) (see Table 2.1) reported that 78 cases of asbestosis were correctly

diagnosed on 168 death certificates where the best evidence indicated as-

bestosis. This suggests that the number 72 could plausibly be multiplied

by 2.15. This would yield an estimate of 46,500 asbestotics (i.e., 155/1422
× 427,000) with an upper bound of 66,000.

3. X-ray Abnormalities. Using his estimates of heavily exposed workers

(1982, Table 9) and multiplying by the prevalence of X-ray changes in

insulation workers (Walker, 1982, Table 17), Walker estimated 18,000 to

150,000 asbestotics. Again these estimates depend on all of the assump-

tions in the model of mesothelioma incidence used to forecast the size of

the occupationally exposed population. For example, if we use an estimate

of 1365 cases, which is 40% higher than the 974 case figure employed (see

Task 1a), the upper estimate becomes 210,000 asbestotics.

4.4.4d Task 4d: Derive a general methodology for predicting

lawsuits as a function of asbestosis prevalence

Walker attempted to relate his prevalence estimate of asbestotics to the num-

ber of lawsuits generated. Only very general calculations were performed to

illustrate that the higher mortality for persons with asbestosis and a 9% an-

nual decrement due to the filing of lawsuits jointly implied that the number
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Number of
Asbestosis Lawsuits

Based on Task 4a Based on Task 4b

24,800 24,100

8,300 10,600

2,800 4,500

900 1,800

200 700

100 200

37,100 41,900

Source:  Walker (1982, Tables 16 and 18).

1980-1984

Year

     Table 4.5:  Projections of the Numbers of Asbestosis Lawsuits Among U.S. Males,      
1980-2009 

Total 1980-2009

2005-2009

1985-1989

1990-1994

1995-1999

2000-2004

of lawsuits would decline rapidly over time (again based on the assumption of

no new asbestosis cases after 1985; see Table 4.5).

Walker admitted that the rate of filing of lawsuits did not seem to decline

as rapidly as these projections indicated, a fact which he attributed not to

error in projections but to recent changes in the propensity to sue. With these

caveats in mind, but without fully specifying his reasoning, Walker projected

that 45,000 lawsuits (cf. 37,100-41,900 in Table 4.5) would be filed in 1980-

2009, with a firm lower bound of 30,000 but with an indefinite upper bound

of 120,000.

This upper bound of 120,000 was almost twice as large as his estimate

of the prevalence of asbestotics (e.g., 64,000 in 1980-1984, and not increas-

ing thereafter). The assumption that 9% of asbestotics would sue per annum

implies that, absent death, about 60% of cases would sue over 10 years. Ac-

cording to Selikoff (1981, p. 536), 32% of asbestos-related deaths among insu-

lation workers in 1975-1976 resulted in lawsuits being filed by 1980. Walker’s

per annum rate of suit takes no account of age variation in the propensity to

sue. The likelihood of suit tends to decrease with age (Selikoff, 1981).

4.4.5 Task 5: Estimate the Amount of Asbestos-Related Disease

Likely to Occur in Women

Walker (1982) estimated the number of asbestos-related disease cases that

would occur among women who were occupationally exposed. Despite the

absence of data regarding the size of the female workforce and their exposure-
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Source Mesothelioma Lung Cancer Time Interval

Walker (1982) 18,700–21,500 55,120 1980–2009

Peto et al. (1981) 24,375 73,125 1980–2009

McDonald and McDonald (1981) 18,970 45,520 30-Year

Enterline (1981) 10,000 75,000 30-Year

Selikoff (1981) 79,745 149,485 1980–2009

Hogan and Hoel (1981) 65,000  — 1980–2009

Table 4.6:  Alternative Projections of Mesothelioma and Lung Cancer Cases

timing distribution, Walker assumed that the number of cases of asbestos-

related diseases among women would be roughly in proportion to the observed

number of lawsuits filed with the Johns-Manville Corporation among women,

relative to those deriving from men. He estimated that women would experi-

ence about 5% of the numbers of cases of asbestos-related diseases projected

for men and that the absolute number of female cases would diminish to a

negligible number by the year 2000. The Johns-Manville lawsuit experience

is an inadequate basis for predicting the future occurrence of disease among

women. A more reliable projection would require estimation of the size of the

exposed female workforce.

4.5 Asbestos-Related Disease Projections by Other

Authors

Estimates of future numbers of asbestos-related cancer deaths have been made

by six authors other thanWalker (1982). These are listed in Table 3.4 and were

detailed in Section 3.5. Here, we focus only on the five studies that provide

direct comparisons with Walker’s methods and results (Table 4.6).

Two general approaches have been adopted. The first reconstructs directly

the sizes of exposed worker populations in the past, using data compiled by the

Department of Labor and other government and private agencies (see Chap-

ter 3). Selikoff (1981), Hogan and Hoel (1981), and Nicholson et al. (1981a)

adopted this approach. The second approach indirectly estimates from recent

mesothelioma incidence data the numbers of currently living person-exposure

equivalents first exposed at various ages and years in the past. McDonald

and McDonald (1981), Peto et al. (1981), and Walker (1982) adopted this ap-

proach, using a mathematical model that expressed mesothelioma incidence as
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a function of time from onset of exposure. Enterline’s (1981) approach was a

hybrid of these two methods. He estimated the heavily exposed population by

a back-calculation from recent asbestosis mortality data. His estimates of the

presumed lightly exposed workforce were determined from published reports

of worker population sizes.

The only projections that can validly be compared are those for mesothe-

lioma and lung cancer, for men, for the 30-year period 1980-2009. For this

period, Walker projected 18,700 to 21,500 mesothelioma cases (assuming a

15-year minimum latency for the latter figure) and 55,120 lung cancer cases,

resulting from occupational exposure to asbestos. These estimates are in fairly

close agreement with those of Peto et al. (1981), who used a procedure very

similar to Walker’s to project future mesothelioma cases (24,375), and a three-

fold lung cancer excess relative to mesothelioma to project future lung cancers

(73,125).

McDonald and McDonald (1981) estimated 843 mesothelioma deaths

among U.S. men in 1975 (see Section 3.5). With their estimate that 75%

of male mesothelioma cases were caused by occupational exposure to asbestos

and our assumption that this rate represented an average value over the 30-

year period, one would expect 18,970 new cases of mesothelioma over 30 years

— a projection within Walker’s (1982) range of 18,700-21,500. McDonald and

McDonald (1981) estimated that there were 2.4 lung cancer deaths for every

mesothelioma death attributable to asbestos. Applying this ratio to the above

projection yields 45,520 lung cancer deaths for the same 30-year period — al-

most 10,000 fewer than Walker’s projection.

Enterline (1981) projected 10,000 mesotheliomas and 75,000 lung cancers

over a 30-year period. Enterline’s mesothelioma projections were the lowest

of any cited in Table 3.4. His methodology was detailed in Section 3.5. The

different results primarily reflected differences in the estimated proportions of

heavily exposed workers.

Hogan and Hoel (1981) projected approximately 65,000 mesothelioma

cases, and Selikoff (1981) projected 79,745 mesothelioma cases and 149,485

lung cancer cases.

This comparison shows substantial agreement of results when similar

methods are used. Walker’s (1982), Peto et al.’s (1981), and McDonald and

McDonald’s (1981) mesothelioma projections are quite similar to each other.

General agreement between Walker’s and Peto’s projections would be antic-

ipated because the same underlying incidence model was used in each ap-

proach. Some of the discrepancy between Walker’s and Peto’s mesothelioma

and lung cancer projections may be attributable to the method of determin-

ing population-exposure equivalents. Similarly, Hogan and Hoel’s (1981) and

Selikoff’s (1981) mesothelioma projections are in reasonably close agreement.

Enterline’s (1981) mesothelioma projections were lower than the results from

either of the two general approaches, even though his approach was a hybrid

of the other two.
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The validity of the two general approaches cannot be determined until

actual counts of future cases are obtained and compared with predicted num-

bers.

None of the other authors except Selikoff (1981) projected the future num-

ber of asbestosis cases. Selikoff (1981) addressed only the issue of asbestosis

deaths. With no elaboration, he projected approximately 10,000 deaths from

asbestosis during 1980-2009. In contrast, Walker (1982) projected a prevalence

of approximately 65,000 cases in 1980-1984, with roughly a 50% reduction in

this number every 5 years to the year 2009.

The differences among the mesothelioma and lung cancer projections can

be attributed, at least in part, to discrepancies in estimates of the following

factors:

1. The proportion of workers heavily exposed to asbestos, and the relation-

ship between the cumulative exposure of insulation workers and other

asbestos-exposed workers

2. The proportion of mesothelioma cases attributable to occupational expo-

sure to asbestos

3. The excess mortality rates in heavily and lightly exposed workers

4. The distribution in the workforce of age and calendar year of first exposure

to asbestos

5. The magnitude of the reduction in the 1970s in workforce exposure to

asbestos, and the effect of this reduced exposure on the risk of asbestos-

related disease over the next 30 years

A numerical assessment of each factor is fraught with uncertainties be-

cause the required data were either never directly measured (e.g., individual

worker exposure to asbestos) or were not recorded (e.g., the number of work-

ers occupationally exposed to asbestos). Numerical estimates for some factors

which are based on appropriate data (such as the proportion of mesothelioma

cases attributable to asbestos) vary considerably from study to study.

Overall, Walker’s projections were generally low compared to other

projections.

4.6 Conclusions

1. Walker (1982) adopted a reasonable method of using recent mesothelioma

incidence data to estimate the current at-risk population of asbestos-

exposed workers.

2. Walker’s projections for mesothelioma, although low in comparison with

those of other researchers who have attempted to reconstruct directly

the actual sizes of historical worker populations, were in reasonably

close agreement with those obtained by another investigator who used
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a methodology similar to his. Nevertheless, his use of generally conserv-

ative projection parameter values led to low projections of new cases of

mesothelioma.

3. Walker’s future lung cancer projections were lower than those offered by

most other authors mainly because he used conservative parameter es-

timates, most notably recent lung cancer incidence rates for U.S. white

males and a 10% per quinquennium diminution of risk. His lung cancer

projections were highly dependent on the assumption that the average

population exposure was one-half that of a typical insulation worker.

4. Walker’s mesothelioma projections did not depend upon the estimated

numbers of currently living, previously exposed insulation-worker equiv-

alents, whereas his lung cancer projections increased in direct proportion

with the estimates of the number of IWEs. Hence, his mesothelioma pro-

jections were inherently more stable than his lung cancer projections.

5. Walker’s asbestosis projections were conservative, primarily because he

assumed that no new cases would arise after 1984. There is no reasonable

basis for this assumption. Asbestosis prevalence would be substantially

greater than that predicted by Walker if asbestosis cases continue to occur

for just one additional 5-year period beyond 1984.



5

Uncertainty in Forecasts Based on Indirect

Estimates

5.1 Introduction

Walker’s (1982) model built upon Selikoff’s (1981; also Selikoff et al., 1979,

1980) estimated incidence functions for asbestos-related diseases derived from

epidemiologic analyses of North American insulation workers. This model

introduced an artificial construct, insulation-worker equivalent or IWE, the

use of which had significant implications for the uncertainty of his projec-

tions. Walker’s projections were subject to a wide range of variability and

uncertainty. To demonstrate the extreme sensitivity of Walker’s estimates, we

identify the qualitative sources of their uncertainty, summarize two sets of

computerized sensitivity analyses, and conclude with some general observa-

tions about the ranges of uncertainty in projections of this type.

5.2 Qualitative Sources of Uncertainty in Walker’s

Projections

We now list sources of uncertainty in Walker’s (1982) projections, excluding

uncertainty about the quantitative values of the parameters used in Walker’s

projection models. These qualitative sources of uncertainty are of three kinds:

(1) those that could makeWalker’s projections err in either direction, (2) those

that could make Walker’s projections too high, and (3) those that could make

Walker’s projections too low. We are concerned with uncertainty that results,

for example, from the extrapolation of measurements made on one population

to a different population, or from the impossibility of going into the past to

make measurements required to project the future reliably, or from the use

of epidemiological estimates based on an improper or incomplete analysis of

data.

129
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5.2.1 Uncertainties in Either Direction

1. Environmental sampling of asbestos concentrations was not done for the

populations on which the Peto et al. (1982) curve is based, so the intensity

has not been measured at all and the duration only crudely. The time since

the onset of asbestos exposure was used as a surrogate for the duration of

exposure in the major study of Selikoff et al. (1979).

2. The concentrations of other carcinogens or hazardous substances found

in shipyards and other work sites were not measured in the epidemiolog-

ical studies from which Walker drew his facts, so the risks from asbestos

exposure cannot be disentangled from the risks of other exposures.

3. Comparisons of standardized mortality ratios (SMRs) between two or

more populations are invalid if there are major differences in the age

structures of the populations being compared (Miettinen, 1972). Walker

did not verify that the age structure of each population from which an

SMR was estimated was approximately the same as the age structure of

the population to which he applied the SMR for projection.

4. When the intensity of exposure to asbestos of individuals or groups has not

been measured directly, the length of employment is sometimes assumed

to be proportional to dose. Yet, a worker may leave an industry sooner

because he or she has received an unusually large dose of asbestos. The use

of the length of employment as a surrogate measure of dose may obscure

the doses received.

5. Risks of asbestos-related disease depend on the types of asbestos fiber

and frequency distribution of fiber dimensions. Information about the as-

bestos fibers is incomplete both for populations studied epidemiologically

to estimate dose-response curves and for populations presumed to be at

risk in future projections.

6. Asbestosis is difficult to diagnosis in the absence of postmortem exami-

nations. In one study, factory medical officers identified only 65% of true

cases (Berry et al., 1979). Consequently, substantial uncertainty surrounds

the estimates of asbestosis prevalence in past studies and future projec-

tions.

7. Epidemiologic studies reported levels of mortality from asbestosis and

mesothelioma that varied from study to study. The variation may result

as much from differences in case detection efforts, diagnostic acumen, and

length of observation, as from variation in exposures. Case detection, di-

agnostic acumen, length of observation, and exposures may be different

still in the population to which Walker’s projections are intended to apply.

8. Most studies of asbestos and lung cancer [with exceptions like Hammond

et al. (1979)] had few or no data on the smoking habits of either the

asbestos-exposed or the control populations. Because the relative risk of

lung cancer resulting from asbestos exposure appears to be sensitive to

the prevalence of smoking in a population, estimates of asbestos-related

lung cancer risk from populations studied epidemiologically would apply
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to projected future populations only if the unknown prevalence of smoking

was similar in both.

9. An interaction among mesothelioma, lung cancer, and smoking that

Walker appeared to have overlooked is that cigarette smokers are selec-

tively removed from risk of mesothelioma in later years because they suffer

excess mortality from lung cancer and cardiovascular diseases earlier in

life. If smoking declined in the future, this early selection would also be

reduced.

10. The studies of Selikoff et al. (1979, 1980), from which Walker extracted

lung cancer multipliers that he used in his projections, did not specify

whether retired union members or only active workers were included in

the population studied. Retired workers are a special subgroup in that

they have survived workplace hazards. The study also did not specify the

geographic distribution of other workers studied, so it is unknown if this

distribution was comparable to that presumed in Walker’s projections.

11. The concept of “insulation-worker equivalent,” which was fundamental

to the projections of Walker (1982), was poorly defined. In the studies of

insulation workers by Selikoff et al. (1979, 1980), the strongest associations

between exposure and disease were probably specific to those workers with

the highest exposure levels, but the published risk estimates represented

averages for the entire cohort.

12. Because the years of asbestos exposure overlapped the years of follow-

up for some portion of the cohort studied by Selikoff et al. (1979), the

high cumulative dose would be associated with long exposure and long

follow-up durations. Consequently, the observed association between dose

and death rate would be lower than the true association between dose

and death rate. This could explain the increase in relative risk from 1.37

to 1.49 between the first and second decade of follow-up (Selikoff and

Seidman, 1991) (see Table 2.1).

13. Walker (1982) assumed that “definite exposure” was equivalent to “heavy

exposure” and that “probable exposure” was equivalent to “light expo-

sure.” He offered neither evidence nor argument for this assumption, and

we know of none.

14. Walker’s estimates of the distribution of years of first exposure for work-

ers diagnosed with mesothelioma at a given age were based on 278 cases

selected from thousands in the files of Johns-Manville. The cases not cho-

sen lacked data required for Walker’s analysis. The selected cases may

well not have been representative of the population of all cases in the

Johns-Manville files.

15. Even if the selected 278 mesothelioma cases were representative of those

in the Johns-Manville files, those cases may not be representative of all

U.S. male mesothelioma cases during 1975-1979.

16. Walker’s estimates of the distributions by quinquennium of first asbestos

exposure of the 311 mesothelioma cases aged 75-79 in 1975-1979 were
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based on only 4 cases from the Johns-Manville files and, hence, were sta-

tistically unreliable.

17. The mathematical power law of Peto et al. (1982) described the incidence

of mesothelioma as a function of time since first exposure to asbestos

among heavily exposed workers like insulation workers. It is unknown

whether a function of the same form or with the same parameter val-

ues described the incidence of mesothelioma in lightly exposed workers,

although Walker assumed that the same function applied.

18. In using the results of the Elrick and Lavidge survey (Walker, 1982, p. 14)

to estimate the distribution of the year of entry into the asbestos-exposed

workforce of workers who entered after 1954, Walker ignored the sampling

weights that should have been assigned to each individual according to

the design of the survey.

5.2.2 Why Walker’s Projections May Be Too Low

1. Expected cases of disease among women were underestimated. In textile

operations, Peto et al. (1977) found comparable risks among men and

women for lung and other cancers and for nonmalignant respiratory dis-

eases, whereas Newhouse and Berry (1979) found higher lung cancer risks

among women than among men.

2. When Walker projected the future male population at risk of asbestos-

related disease, he assumed that the future age-specific survival probabil-

ities in the population at large would be constant at the values observed

in 1975-1979. If, as is more likely, the survival probabilities continued to

improve slowly (though not necessarily linearly) as they have over the past

half-century, more asbestos-exposed workers would survive and be at risk

of future asbestos-related disease than Walker calculated.

3. Walker estimated that the average excess mortality among exposed work-

ers was 14%. He used this figure to further reduce the survival probabilities

beyond the reductions implicit in his use of constant probabilities from

1975 to 1979. Our review in Section 4.4.1e suggests that the 14% estimate

was too high by at least a factor of 2.

4. Walker omitted all cases of asbestos-related disease among individuals

aged 80 and older.

5. Walker assumed that 54% of mesothelioma cases have a documentable

history of occupational asbestos exposure. Some published articles suggest

that up to 100% of cases may have such histories.

6. Walker’s use of the 278 Johns-Manville mesothelioma cases, in conjunc-

tion with his assumed restrictions on age at first exposure, eliminated all

mesothelioma cases under the age of 40, and therefore underestimated

future mesothelioma cases.

7. The Elrick and Lavidge survey considered only men aged 40 and above

in 1975-1979, thereby excluding workers aged 15-39 who entered the

asbestos-exposed labor force after 1954. Using the figures of Elrick and
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Lavidge, Walker underestimated future populations at risk of developing

asbestos-related disease.

8. It was reasonable to expect that mortality from lung cancer among U.S.

white males aged 40 and older would continue to increase at least until

1990, as it did from 1940 to 1978. In fact, the increases continued to

1990 but reversed afterward (Cole and Rodu, 1996), so that Walker’s use

of unchanging lung cancer mortality rates may have underestimated the

numbers of future cases.

9. Walker discounted both Selikoff’s asbestos multipliers and the background

lung cancers by 10% per quinquennium, instead of only the asbestos mul-

tipliers, thereby understating the likely future number of lung cancers.

10. Walker assumed that no new cases of asbestosis would occur after 1984.

However, the first Occupational Health and Safety Administration as-

bestos standard was enacted in 1971, and environmental data documented

substantial levels of asbestos until the early 1980s. If the time course of

asbestosis described for insulation workers held for other exposed workers,

then new cases would likely continue to develop for 20-30 years after 1971,

or until roughly the end of the century, at least.

11. In projecting the prevalence of asbestosis, Walker assumed that the num-

bers of deaths from asbestosis would be roughly equivalent to the number

of deaths from mesothelioma, as was observed among insulation workers

by Selikoff et al. (1980). Other studies (Henderson and Enterline, 1979;

Seidman et al., 1979) reported far more asbestosis deaths than mesothe-

lioma deaths. Walker’s generalizing from insulation workers to all work-

ers may have understated asbestosis deaths and, consequently, asbestosis

prevalence.

5.2.3 Why Walker’s Projections May Be Too High

1. Walker’s (1982) lung cancer projections were based on lung cancer “mul-

tipliers” taken from Selikoff et al. (1980), which were, in turn, based on a

study of 17,800 insulation workers (Selikoff et al., 1979). As Weiss (1983)

pointed out in reanalyzing this study, the workers had varying durations

of exposure at the start of the study. Workers who entered the workforce

long before the start of the study were likely to be older than the others,

likely to have had greater average cumulative asbestos exposure, and likely

to be at increased risk of subsequent disease. Persons who, at the start

of the study, entered the workforce more recently were likely to have had

shorter exposure to asbestos and lower cumulative exposures. This cohort

structure may exaggerate the excess relative mortality of the workers as

follow-up time increases from the onset of exposure.

2. When Walker (1982) projected the future male population at risk of

asbestos-related disease, he assumed that lightly exposed “insulation-

workers equivalents” would experience no excess mortality. However, if

lightly exposed IWEs experienced any excess mortality, as seems likely,
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the surviving cohort of asbestos-exposed workers would be smaller than

Walker calculated and the resulting incidence would also be smaller.

3. Walker assumed that 54% of mesothelioma cases have a documentable

history of occupational asbestos exposure. Some published articles suggest

that as few as 10% of cases may have such histories. (This is the opposite

extreme from Reason 5 of Section 5.2.2.)

4. Walker used the power law fitted by Peto et al. (1982) to Selikoff’s data on

insulation workers. Peto et al. (1982) observed that within each time pe-

riod since first exposure to asbestos, the mesothelioma death rate exhibits

little variation in relation to the period of first employment, for workers

first exposed between 1922 and 1946. However, workers who were first

exposed before 1922 and after 1946 experienced a lower risk. Walker used

exclusively the risk estimates based on the period 1922-1946. For projec-

tions of future cases of mesothelioma, risk estimates based on the period

after 1946 are increasingly relevant, and risk estimates based on 1922-1946

are progressively less relevant, as the earlier-exposed workers die off. Be-

cause the later levels of risk appear to be lower, Walker’s projections may

be too high.

5. Walker used Peto et al.’s (1982) power law for insulation workers to extrap-

olate future incidence of mesothelioma far beyond the time of cessation of

exposure to asbestos. However, Peto et al. (1982, p. 132) cautioned that

the rate of increase of the mesothelioma incidence function is lower for

briefer exposures and for times far removed from the cessation of expo-

sure. OSHA (1983) presented revised equations to reflect these effects (see

Sections 2.4 and 8.4).

5.3 Sensitivity Analysis of Walker’s Projections

This section summarizes Cohen et al.’s (1984) sensitivity analysis of the nu-

merical projections of Walker (1982). A sensitivity analysis is an attempt to

estimate how sensitive the results of a projection are to changes in the as-

sumptions on which the projection is based.

Projections contain two major elements: numerical values for parameters

or variables, and a model that describes how the parameters or variables

interact. It is possible to analyze the sensitivity of a projection to the numerical

values of the variables, taken one at a time, by varying the value of each

variable over an estimated range of uncertainty. If there are n variables and

two values of each variable are considered in the sensitivity analysis, then

2n sets of calculations are required to examine the effect of variation in each
variable, taken one at a time. For example, if n = 17, 2n = 34, a number of

calculations that is feasible even for a model as complicated as Walker’s.

It is much more difficult to analyze the sensitivity of a projection to the

numerical values of all variables considered jointly, unless the model happens

to be linear, in which case the sensitivities of the variables in the model are
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added together. In a complicated projection such as Walker’s, numerical values

of variables are drawn from a variety of separate sources. Usually, no informa-

tion is available about the joint behavior of the variables. Lacking information

about the joint distribution of variables, one might hope to examine all pos-

sible combinations of high and low parameter values. However, with as few

as n = 17 parameters, one would have to generate 217, or 131,072, complete

model calculations. Even if so many computations were performed, digesting

and interpreting them would be difficult.

Still more difficult is a sensitivity analysis of the model itself. There are

infinitely many alternatives to any model. Infinitely many of these alterna-

tives cannot be distinguished because they differ only with respect to events

that have not happened yet. It is therefore impossible in principle to analyze

completely the sensitivity of a projection with respect to alternative models.

Yet the assumptions embedded in a model may well reflect greater and more

important ignorance than uncertainty about the numerical values or joint dis-

tribution of the variables used in the model. The very different models and

projections produced by some investigators other than Walker indicate the

range of possible models.

The point of emphasizing these difficulties is to make it clear that the sen-

sitivity analysis that follows indicates a minimum uncertainty concerning the

projection of asbestos-related diseases. The range of projections that are pro-

duced should not be interpreted to mean that whatever happens will certainly

or very probably fall within that range. Rather, conditional on the models on

which the projections are based, the range of projections shows the uncer-

tainty implied by our recognized ignorance of the true numerical values of the

parameters used in the models.

The Johns-Manville court filings included a magnetic tape that con-

tained Walker’s computer program for generating his projections. By reading

Walker’s program carefully, it was possible to write a new computer program

to reproduce Walker’s calculations. This program was carefully calibrated by

establishing that it could reproduce the published numbers of Walker (1982).

Within this program, there were 17 parameters for which it was possi-

ble to estimate reasonable ranges of uncertainty. These parameters are listed,

grouped according to the submodel (mesothelioma, lung cancer, or asbesto-

sis) in which they first appeared, and alphabetically within each submodel.

Mathematically, the parameters were classified as scalar quantities, vectors,

and matrices. The scalar quantities are single-element sets. The vectors and

matrices are one- and two-dimensional arrays that are manipulated as a set.

The dimensionality of the array is indicated in parentheses following the pa-

rameter’s name in the program. The parameter names that are followed by

one number in parentheses are lists of parameter values [e.g., C1(5) is a list

of five numbers]. The parameter names that are followed by two numbers in

parentheses are tables of parameter values (e.g., M(15, 10) is a table with 15

rows and 10 columns). The parameter descriptions are followed by reference

to Walker’s (1982) tasks, described in Section 4.4. The total number of nu-
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merical values required to specify these 17 parameters for each projection is

204.

Parameters in the mesothelioma projection are as follows:

C1(5) Workforce discount (clean-up) coefficients for 1955-1959 to 1975-

1979 (Task 1f)

D(12) U.S. male mesothelioma incidence by age group in 1975-1979

(Task 1a)

E2 Exponent in the Peto et al. (1982) curve for mesothelioma inci-

dence (k in Task 1d)

E3 Constant factor in the Peto et al. (1982) curve for mesothelioma

incidence (b in Task 1d)

J(10) Elrick and Lavidge’s distribution of year of first exposure

(Task 1f)

K2 Proportion of male mesothelioma cases with documentable occu-

pational asbestos exposure (0.54 in Task 1b)

K7 Correction for overestimation of mesothelioma in SEER data

(1/1.12 in Task 1a)

K8 Mortality exponent for cohort exposed to asbestos (1.14 in

Task 1e)

M(15,10) Mesothelioma cases in 1975-1979 by age at diagnosis and year of

first exposure (Task 1c)

X3 Fractional underdiagnosis of mesothelioma in National Cancer

Institute’s SEER data (0.10 in Task 1a)

Parameters in the lung cancer projection are as follows:

D1 Multiplicative factor by which the risk of lung cancer declines

(0.9 per quinquennium in Task 3a)

K9 Number of real workers per insulation worker equivalent (2.0 in

Task 3a)

R2(15) Selikoff asbestos multiplier [Ka0y0(t) in Task 3a]

Parameters in the asbestosis projections are as follows:

D0 Fraction of deaths in asbestotics due to asbestosis (0.213 in Task 4b)

D2 Man-years of asbestosis per mesothelioma case (1/I in Task 4a)

K3 Proportion of mesothelioma cases with asbestosis (P in Task 4a)

K4 Mortality multiplier for asbestotics (2.8 in Task 4b)

To analyze the sensitivity of projections with respect to variation in a

single parameter, it is necessary to specify baseline values for the remaining

parameters. The baseline values are identical to those Walker (1982) used in all

but one case. For the estimated age-specific U.S. male mesothelioma incidence

in 1975-1979 [variable D(12)], more recent data provided by the National

Cancer Institute were used in place of the partial data plus extrapolation

used by Walker. For all of the remaining parameters, the baseline numerical
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Walker's Revised

Type of Estimate Calibration Baseline

Mesothelioma incidence 18,700 17,600

Lung cancer incidence 55,120 53,600

Asbestosis cumulative prevalance (Task 4a) 135,900 134,700

Asbestosis cumulative prevalance (Task 4b) 177,100 169,500

Source:  Cohen et al. (1984).

Table 5.1:  Projected Totals, Males 1980-2009

values were the sole or the middle values considered by Walker. The aggregate

effect of using the baseline values instead of Walker’s calibration values is to

project slightly smaller totals, as shown in Table 5.1.

The sensitivity analysis of the projections was carried out in five steps:

1. All of the above-listed parameters were set to their baseline values and a

projection was calculated, printed, and summarized by four numbers:

i. The total predicted incidence of mesothelioma among U.S. men with

documentable asbestos exposure, cumulated from 1980 to 2009.

ii. The total predicted incidence of lung cancer among U.S. men with

documentable asbestos exposure, cumulated from 1980 to 2009.

iii. The cumulated prevalence of asbestosis from 1980 to 2009 among U.S.

men with documentable asbestos exposure, calculated from the inci-

dence of mesothelioma in asbestotics [as in Walker (1982) Task 4a]

(see Section 4.4.4a).

iv. The cumulated prevalence of asbestosis from 1980 to 2009 among U.S.

men with documentable asbestos exposure, calculated from an equiv-

alence between asbestosis and mesothelioma mortality [as in Walker

(1982) Task 4b] (see Section 4.4.4b).

2. The first parameter from the list was set to one extreme of the confidence

or plausibility interval proposed for that parameter and a projection was

calculated, summarized, and printed.

3. The same parameter was set to the other extreme of the confidence or

plausibility interval proposed for that parameter and a projection was

calculated, summarized, and printed.

4. All parameters were reset to their baseline values, the next parameter

from the list was selected, and steps 2 and 3 were repeated.
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5. After the last variable from the list was treated according to steps 2 and

3, the process terminated.

5.3.1 Results for Single Parameters

In discussing results, we will round the projected numbers to the nearest

thousand, because greater precision has little meaning.

5.3.1a Mesothelioma

The two variables that caused the largest increases in the mesothelioma pro-

jections when varied to one extreme of their confidence or plausibility intervals

are X3 and K2.

The most influential variable is X3, the fraction by which the SEER data

underdiagnose mesothelioma. Compared to the baseline X3 = 0.10, taking X3

= 0.41 increases the aggregate projected number of mesothelioma cases by

more than 52%. The extreme value of X3 of 41% underdiagnosis is an estimate

based on a review of insulation worker deaths and death certificates by Selikoff

et al. (1980), which is cited by Walker (1982, p. 4). Even 41% could be too

small. As physicians’ attention is called to mesothelioma, underdiagnosis could

be drastically reduced. The 52% increase exceeds the 30% variation indicated

in the informal sensitivity analysis of Walker (1982, p. 17) (see Section 4.4.2b).

The variable that causes the next largest increase is K2, the proportion

of mesothelioma cases with documentable occupational exposure history. As

Walker observed, the projected numbers are directly proportional to the value

chosen, or assumed, for this variable. K2 could be substantially higher than the

upper value 0.77 assumed here. Because no alternative causes of mesothelioma

are known, K2 = 1 is possible and K2 = 0.9 would be a reasonable estimate

based on biopsies. Under these alternative upper values, K2 would become the

most influential single variable, with increases of 85% and 67%, respectively.

The two variables that cause the largest decrease in total projected male

mesothelioma cases when varied to one extreme of their confidence or plausi-

bility intervals are K2 and jointly E3 and E2. When the proportion of mesothe-

lioma cases with documentable occupational exposure history is assumed to

be 0.35, the total number of projected mesothelioma cases falls by 35%. When

E2 = 2.5, the mesothelioma total is reduced by nearly 24%.

5.3.1b Lung cancer

The two variables that cause the largest increase in the total number of pro-

jected male lung cancer cases with documentable asbestos exposure when

varied to one extreme of their confidence or plausibility intervals are K9 and

X3. K9 is the number of real workers per insulation worker equivalent. When

K9 = 6.7, a value suggested by Walker (1982, p. 15) (equivalent to assuming
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10 workers per IWE for the less heavily exposed group), the projected lung

cancer cases increase to 106,000, an increase over baseline of more than 97%.

X3 is the fraction of underdiagnosis of mesothelioma in the SEER data. When

X3 = 0.41, the total number of projected male lung cancer cases increases by

more than 52% compared to baseline.

The lowest projected values of total lung cancer incidence result from vari-

ations in K2, the proportion of male mesothelioma cases with documentable

occupational asbestos exposure, in D1, the quinquennial decline in the risk of

lung cancer, and in R2, the Selikoff asbestos multipliers. Variation of K2 to

its low value lowers the projected lung cancers by 35% compared to baseline.

Variations in the remaining parameters cause a decline of 24% compared to

the baseline.

5.3.1c Asbestosis

Walker’s use of two methods of projecting asbestosis prevalence represents a

rough sensitivity analysis with respect to the models. We shall consider the

variation in the results of both methods together.

The highest projected totals of asbestosis prevalence result from setting

the fraction of underdiagnosis of mesothelioma in SEER data to X3 = 0.41.

Compared to baseline, the increase exceeds 52%. For asbestosis projected by

the first method, the next largest value, an increase over baseline of more than

33%, results from assuming that the man-years of asbestosis per mesothelioma

case are D2 = 267.

Varying the values of single parameters can reduce the projected asbestosis

prevalence substantially. For the first method, the lowest value results from

assuming D2 = 140 man-years of asbestosis per mesothelioma case, giving a

reduction of 30%. For the second method, assuming that K2, the proportion of

male mesothelioma cases with documentable occupational asbestos exposure,

is 0.35 lowers the projection by 35% compared to the baseline. When D0, the

fraction of deaths in asbestotics due to asbestosis, is 0.290, the projection for

the second method is reduced by more than 26% from the baseline.

5.3.2 Results for All Variables Jointly

Cohen et al. (1984) considered how to estimate the range of uncertainty about

the future quantities of asbestos-related diseases as a function of all 17 vari-

ables listed, considered jointly.

To simplify the problem, Cohen et al. (1984) assumed temporarily (1)

that all of the formulas in their reconstructed computer program were correct

(although Walker may have erred in his treatment of background cases of

lung cancer), (2) that the numerical values of all of the variables not on their

list of 17 were known precisely, and (3) that they knew exactly the ranges of

uncertainty about the 17 variables on their list.
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Caution suggested that, for the many variables for which no simple model

of sampling variability (e.g., Poisson, binomial) is plausible, one should avoid

attempting to fit some “natural” or “standard” parametric family of distri-

butions like the normal, lognormal, or gamma. Also, in the absence of in-

formation about the joint variation of, say, the exponent in the Peto et al.

(1982) curve for mesothelioma incidence and the number of real workers per

insulation-worker equivalent, one should avoid assuming either that those two

variables are independent or that they are linked in some way.

Levi (1980, pp. 441-442) advised:

. . . that we should learn to suspend judgment. We should, in the case

under consideration, learn to acknowledge that the data justifies and,

indeed, obligates us to suspend judgment concerning the objective

chance distribution over failure rates within a given range of values.

. . . Scientific inquiry has furnished us with much knowledge and, in

some contexts, with information which justifies appraising risks and

expectations with a considerable degree of precision. But although we

should prize precision when we can get it, we should never pretend

to precision we lack; and we should be ever mindful of our ignorance

even when it hurts.

To know how large a problem may be according to current knowledge or

best estimates, one could choose for each variable the value within its range

of uncertainty that makes the projected incidence or prevalence as large as

possible. To know how small a problem may be according to current knowledge

or best estimates, one could choose for each variable the value within its range

of uncertainty that makes the projected incidence or prevalence as small as

possible. If additional data or better models become available, the calculations

can be modified. Approximating the shape of an uncertain future is an open-

ended process, ever subject to revision.

Using the approach just outlined, Cohen et al. (1984) performed a sensi-

tivity analysis of the projected incidence of mesothelioma and lung cancer and

the projected prevalence of asbestosis. The parameter values for the “high”

mesothelioma projection were determined by selecting the choice for each

parameter that gave the higher mesothelioma total incidence when that pa-

rameter was varied by itself; similar selection procedures were used for the

“low” mesothelioma projection, as well as the “high” and “low” lung cancer

and asbestosis projections.

5.3.2a Mesothelioma

The total number of mesothelioma cases projected for 1980-2009 varied from

7000 to 82,000. Whereas the low projection showed a peak in 1980-1984 and a

decline to under 1000 cases for 2000-2004, the high projection showed a steady

increase in numbers of mesothelioma cases to over 15,000 cases for 2000-2004,

followed by a decline for 2005-2009.
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Year Number

1940 1,880

1945 1,773

1950 2,309

1955 2,558

1960 2,766

1965 2,956

1970 3,223

1975 3,095

Source:  Cohen et al. (1984), based on Selikoff (1981, Table 2-7).

(in Thousands)

Table 5.2:  Number of Asbestos Workers Employed in Selected Calendar Years 

Both low and high projections implied a peak in insulation-worker equiva-

lents exposed during World War II. The high projection implied even greater

exposures from 1955 to 1970. This latter trajectory of exposure is consistent

with the pattern of annual U.S. consumption of asbestos, which ranged be-

tween 600,000 and 800,000 metric tons during this period — close to double

the 400,000 metric tons during World War II (NRC, 1984).

Numerical estimates from various sources of the workers at risk of exposure

to asbestos from 1940 to 1979 were summarized by Selikoff (1981). In his Table

2-7 (Selikoff, 1981, p. 115), the employed populations potentially exposed

to asbestos in selected occupations and industries were estimated as shown

in Table 5.2. The estimate for 1945 omitted 4,334,000 temporary wartime

insulators and other workers in the shipbuilding industry.

These observations suggested that the large exposures after World War II

implied in the high projection of mesothelioma were not a priori implausible.

5.3.2b Lung cancer

The total number of male lung cancer cases projected for 1980-2009 varied

from 9000 in the low projection to 928,000 in the high projection. Whereas the

low projection showed a steady decline from 1975-1979 onward to fewer than

200 cases in 2005-2009, the high projection showed a peak of 195,000 cases

in 1980-1984 and then a decline to 80,000 cases in 2005-2009. The number

of lung cancer cases according to the high projection in 2005-2009 alone was

nearly nine times the total number of lung cancer cases from 1980 to 2009

according to the low projection.
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Cumulated
Total Walker's Revised

1980-2009 Low High Calibration Baseline

Mesothelioma incidence 7,000 82,000 19,000 18,000

Lung cancer incidence 9,000 928,000 55,000 54,000

Asbestosis prevalence 52,000 679,000 141,000–184,000 135,000–169,000

Source:  Cohen et al. (1984).

Plausibility Range

Table 5.3:  Joint Sensitivities of Walker's Projection Parameters, Males 1980-2009

As in the mesothelioma projections, both high and low lung cancer pro-

jections implied a peak of exposure during World War II. The high projection

also implied substantial postwar exposure, with another peak in 1955-1959.

5.3.2c Asbestosis

The cumulated prevalence of male asbestosis for 1980-2009 ranged from 52,000

in the low projection to 679,000 in the high projection. Both extremes were

based on the equivalence of asbestosis and mesothelioma mortality rates. Both

the high and low projections, by both methods [Task 4a and Task 4b of Walker

(1982)], predicted steady declines in prevalence from 1980-1984 onward. These

declines followed from Walker’s assumption that there would be no new as-

bestosis cases after 1984.

5.3.3 Summary of Uncertainty Results

This sensitivity analysis indicated a minimum uncertainty concerning the pro-

jection of asbestos-related diseases. The range of projections produced does

not mean that whatever happens will certainly or even very probably fall

within that range. The analysis showed that variation in certain parame-

ters, within the range of uncertainty indicated as plausible by Walker (1982),

changed some projections by substantially more than the 30% he expected. For

example, increasing the number of real workers per insulation-worker equiv-

alent to the maximum value suggested in Walker (1982) increased the total

projected lung cancer cases by 97%.

The uncertainty about the future quantities of asbestos-related diseases

as a function of all 17 variables jointly was summarized by the total fig-

ures projected for males for the period 1980-2009 (Table 5.3). These numbers
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Type of Estimate Low High Low High

1980-1984 1985-1989

Mesothelioma incidence 1,700 8,500 1,600 11,100

Lung cancer incidence 3,800 194,000 2,400 194,600

Asbestosis prevalence 20,100 218,100 13,700 167,100

Source:  Cohen et al. (1984).

Plausibility Range

Table 5.4:  Joint Sensitivities of Walker's Projection Parameters, Males 1980-1984

and 1985-1989

combined near-term and long-term uncertainty into a single aggregated fig-

ure for each asbestos-related disease. Experience with population projections

suggests that if these projections were reliable at all, it would be in the near-

term future. The comparison of the plausibility ranges for males for the first

and second quinquennia is illuminating (Table 5.4). For 1980-1984, the ratios

of the high projections to the low projections were, in round numbers, 5 for

mesothelioma incidence, 51 for lung cancer incidence, and nearly 11 for as-

bestosis prevalence. For 1985-1989, the ratios of high to low projections for

mesothelioma incidence, lung cancer incidence, and asbestosis prevalence were

respectively 7, 81, and 12.

For lung cancer and asbestosis, even in forecasts only 5 years ahead of the

base period (1975-1979), the variability of the projections was so enormous

that there is little reason to have confidence in the particular projections

determined by Walker’s choice of parameters.

For mesothelioma, the range of uncertainty opened up less explosively, al-

though still very substantially, 5 years ahead of the base period. For 1980-1984,

Cohen et al.’s (1984) calculated range of 1700 to 8500 new male mesothelioma

cases with documentable occupational asbestos exposure left ample room for

Walker’s projected figure of 3200 to err.

5.4 Further Sensitivity Analysis of Walker’s

Mesothelioma Projections

This section evaluates plausible alternative scenarios in comparison with

Walker’s (1982) mesothelioma model. This provides additional insight into

the behavior of the model and forms a groundwork for respecifications of the

model in Chapters 6-9.
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Manton (1983) noted two practical difficulties in conducting a sensitiv-

ity analysis of Walker’s forecasts, based on his public report alone. One is

that much of Walker’s data were not publicly available (e.g., data on 278

Johns-Manville litigants; Task 1c). The second is that the detail in Walker’s

discussion of his projections was not adequate to assure an absolutely faithful

reproduction of his projections. Cohen et al. (1984) overcame both of these

difficulties through legal access to the computer tapes of Walker’s (1982) work.

The portion of Walker’s projection methodology which was perhaps best

described was that used to project mesothelioma incidence. We focus on this

methodology because the projections of mesothelioma cases can be compared

directly with Selikoff’s results and because uncertainty in the mesothelioma

incidence model affects all of Walker’s projections.

Walker’s matrix of age- and date-specific initial exposures to asbestos from

278 Johns-Manville litigants were crucial only in the attempt to reproduce

Walker’s forecasts exactly; for that reason, they were obtained for the sensi-

tivity analysis in Section 5.3. However, the Johns-Manville litigant file may

not have been representative of national exposure patterns. Any major differ-

ences between projections using alternate reasonable data and Walker’s data

on Johns-Manville litigants would indicate the sensitivity of the projections

to questionably reliable data.

The data used in lieu of Walker’s data were derived from Table 2 in Peto

et al. (1981) — the primary source of the projection methodology utilized by

Walker (see Section 4.2). These data have advantages:

1. Peto et al. (1981) suggested that they were nationally representative.

2. They included World War II shipyard exposures.

3. They were not based on a selected sample of litigants through 1982.

Rather than use unpublished estimates of later exposure based on a limited

survey (see Section 4.4.1f), we will employ the assumption from Peto et al.

(1981, p. 59) that exposure patterns changed little after 1945. It should be

stressed that, although these data are different from the data in Walker, their

use does not affect our ability to examine the sensitivity of results to other

model assumptions because these data are constant in our calculations.

These data also allow us to assess the change in results due to the appli-

cation of a reasonable alternative to Walker’s data and provide an alternative

set of projections that may be more representative of the national experience

than Walker’s estimate.

This sensitivity analysis has three parts. First, we present the projection

strategy in sufficient detail to explain how and why certain assumptions were

altered. Second, the logic of the alternative projection scenarios is described.

Third, we interpret the results of the alternative projections.
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5.4.1 Projection Methodology

The projection methodology was divided into three logically separate phases:

(1) data preparation, (2) model estimation, and (3) model projection. Phases

1 and 2 correspond to Walker’s Task 1; Phase 3 corresponds to Walker’s Task

2a.

The first phase involved the preparation of basic data. The five steps in

this phase were as follows:

1. We obtained age-specific total mortality hazard rates for 5-year intervals

1918-1922, 1923-1927, . . . , 1972-1977, for ages 16-20, 21-25, . . . , 81-85,

from U.S. life tables 1915-1950 and EPA mortality files 1950-1977 for

U.S. white males provided by the Health Effects Research Laboratory,

Environmental Protection Agency. These data were used to represent the

effects of nonmesothelioma mortality. We extended the upper age of our

projection to age 85, compared to age 79 for Walker’s projection.

2. We obtained mesothelioma incidence data from Walker’s Table 1. We

converted age groups from 15-19, . . . , 75-79 age-coding to 16-20, . . . , 76-

80 years of age using 0.80-0.20 proportional allocation. We denoted the

1977 counts for age group a to a+ 4 as M1977(a, a+ 4).
3. We obtained the distribution of initial exposure of mesothelioma cases by

age and calendar year from Peto et al.’s (1981) Table 2 (with age and time

intervals matching the data in steps 1 and 2). We denoted the counts for

5-year age groups (a, a+4) by 5-year calendar periods (y, y+4) of initial
exposure as Ea,a+4;y,y+4(t), where a1 = a + t and y1 = y + t = 1975 are
the lower bounds of the age and date-of-diagnosis intervals. In Peto et

al.’s Table 2, the diagnosis interval was 1974-1978, but we assumed the

same exposure matrix would apply to 1975-1979.

4. We normalized the data in step 3 by cohort so that the cohort sum rep-

resented unit probability mass. In doing so, we let Fa,a+4;y,y+4(t) denote
the individual terms in that sum; that is,

Fa,a+4;y,y+4(t) =
Ea,a+4;y,y+4(t)P

s=0,5,10,...
Ea1−s,a1+4−s;y1−s,y1+4−s(s)

.

5. We obtained estimates from Walker (1982, p. 6) of the proportion of low,

medium, and high levels of exposure among cases of mesothelioma inci-

dence. These fractions are fl = 0.46, 0.34, and 0.20, respectively, where

the medium and high levels of exposure are the 54% of workers with doc-

umentable occupational exposure to asbestos (Walker’s Task 1b).

Each step in the second phase was performed independently for the low-,

medium-, and high-exposure subgroups of the mesothelioma incidence counts

obtained in step 2. For the high-exposure subgroup, the age-specific hazards

for nonmesothelioma mortality were multiplied by 1.37 to conform with the

correction to the Walker methodology proposed in Section 4.4.1e.
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6. Using the proportions in step 5, we calculated the 1975-1979 incidence

level in that exposure group using

M l
1975−79(a, a+ 4) =M1977(a, a+ 4) · fl · 5 · (974/853.9),

where 974 is Walker’s estimate of 1977 mesothelioma incidence and 853.9

is the sum of the counts of mesothelioma incidence for all age groups from

step 2.

7. We calculated the exposed population necessary to yield an incidence level

of M l
1975−79(a, a + 4) if M l

1975−79(a, a + 4) was distributed according to
the ages and calendar years of initial exposure specified in step 4. For the

population t years in the past, we used

N l
a,a+4;y,y+4(t) =M l

1975−79(a+ t, a+ 4+ t)× Fa,a+4;y,y+4(t)

÷
·
exp

·
−
Z t

0

µl(a+ 2.5− t+ x, 1977.5− t+ x)dx

¸
×
½
exp

·−b(t− 2.5)k+1
k + 1

¸
− exp

·−b(t+ 2.5)k+1
k + 1

¸¾¸
.

The integral involving µl(a, x) was approximated using the nonmesothe-
lioma mortality hazards from step 1. Parameters b and k were 4.37 ×
10−8 and 3.2, respectively, as given by Walker (1982, p. 10). This was the
Weibull distribution function form of adjustment from Walker’s Tasks 1d

and 1e. The expression in curly brackets {} on the third line of the equa-

tion was the difference in the Weibull cumulative distribution function at

the two ends of the 5-year interval, of which t is the midpoint.

8. We replaced the exposed population estimates from step 7 for 1955-1959,

1960-1964, 1965-1969, 1970-1974, and 1975-1979 with the age-specific av-

erage of exposed population estimates for 1945-1949 and 1950-1954. This

is consistent with the comment of Peto et al. (1981, p. 59) that their data

“show no evidence of any change in the extent of exposure since 1945.”

9. We deflated the later estimates from step 8 using the “workforce dis-

counts” 1960-1964, 10%; 1965-1969, 50%; 1970-1974, 75%; and 1975-1979,

100%. See Walker (1982, p. 15).

10. We renormalized the exposed population estimates from steps 7-9 so that

the mesothelioma incidence in 1975-1979 obtained in step 6 was predicted

exactly.

The third phase was the projection of future incidence of mesothelioma among

persons exposed to asbestos. This phase had just one step.

11. For each age-of-exposure and calendar interval of start of exposure, we

projected the number of mesothelioma cases that would occur in later

years and at later ages. We accumulated these estimates by 5-year age

groups and by quinquennia for display. For the incidence t years in the
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future for a population group initially exposed in the calendar period

(y, y + 4), we reversed the relation in step 7:

El
a,a+4;y,y+4(t) = N l

a,a+4;y,y+4(t)

× exp
·
−
Z t

0

µl (a+ 2.5 + x, y + 2.5 + x) dx

¸
×
½
exp

·
−b(t− 2.5)

k+1

k + 1

¸
− exp

·
−b(t+ 2.5)

k+1

k + 1

¸¾
.

The total number of projected mesothelioma cases in a given age group

and calendar period was obtained by summing over time and level of

exposure:

My,y+4(a, a+ 4) =
X
l

aX
t=0,5,10,...

El
a−t,a+4−t;y−t,y+4−t(t).

5.4.2 Alternative Scenarios

To examine the variation in results due to changes in Walker’s assumptions,

we conducted sensitivity analyses of the projections in the five areas listed in

Table 5.5. This evaluation corresponds to Walker’s Task 2b. The changes were

as follows:

A1. We changed the “workforce discounts” in step 9 to 1960-1964, 0%; 1965-

1969, 10%; 1970-1974, 50%; 1975-1979, 75%.

A2. We changed the distribution of the initial exposure of mesothelioma cases

so that there were equal numbers of cases for each age within quinquennia

to determine how sensitive the projections are to small changes in the

exposure distribution.

A3. We changed fl in step 5 to 0.25, 0.47, and 0.28, respectively, to reflect an

occupational exposure rate of 75% (the sum of medium and high levels)

of mesothelioma cases (from McDonald and McDonald, 1980).

A4. We changed the value 974 in step 6 successively to each of five levels:

854 (“observed” numbers of male cases); 974 (Walker’s estimate), 1150

[Hogan and Hoel’s (1981) estimates of total mesothelioma]; 1425 [Se-

likoff’s (1981) estimate of total cases]; and 1650 [two standard deviation

upper bound (Hogan and Hoel, 1981)].

A5. We changed the Weibull parameter estimates (b and k) in steps 7 and

11 successively to: 4.37 × 10−8 and 3.2; 3.50 × 10−8 and 3.2; 3.56 ×
10−7 and 2.5; 2.85 × 10−7 and 2.5; 3.98 × 10−9 and 4.0; 3.18 × 10−9

and 4.0. The alternate parameter sets reflected Walker’s (1982, p. 13)

correction factor of 0.8. The high (4.0) and low (2.5) k values deviated

by two standard deviations from the Peto et al. (1982) estimate of k (i.e.,

3.2). The b-values associated with these extreme k values were chosen to

make the incidence curve It = btk coincide at t = 20 years.
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Occupationally
Persons Exposed

with i.e., Medium
Low and High

Projection Series Exposure Exposures Total

Walker's "Latency" Projections 18,315 21,500 39,815
Walker's "No-Latency" Projections 15,930 18,700 34,630

Alternative Projection Scenarios
Analysis/Model/Description Comments
A0 1 Projections based on Peto Baseline

et al. (1981) exposure model 32,721 37,105 69,826
distribution

A1 1 Different rate of reduction in
occupational exposure levels 34,822 39,544 74,366

A2 1 Projections based on
smoothed Peto et al. (1981) 31,836 36,104 67,940
exposure distribution

2 Different rate of reduction in Combines
occupational exposure levels*  A1 &  A2 33,795 38,378 72,173

 Model 1

A3 1 "Consensus" estimates of
plausibly exposed workers 17,783 51,520 69,303

A4 Different estimates of
mesothelioma deaths Estimate =

1 "Observed" 854 28,689 32,533 61,222

2 Walker (1982) 974 32,721 37,105 69,826

3 Hogan & Hoel (1981) 1,150 38,633 43,811 82,444

4 Selikoff (1981) 1,425 47,872 54,287 102,159

5 Upper bound, Hogan & Hoel (1981) 1,650 55,431 62,857 118,288

A5 Different Weibull Exponents Exponent =

1 Peto et al. (1981) estimate 3.2 32,721 37,105 69,826

2 Peto et al. (1981) estimate 3.2 ** 33,162 37,590 70,752

3 Peto et al. (1981) lower bound 2.5 20,384 23,010 43,394

4 Peto et al. (1981) lower bound 2.5 ** 20,561 23,206 43,767

5 Peto et al. (1981) upper bound 4.0 63,723 72,810 136,533

6 Peto et al. (1981) upper bound 4.0 ** 64,980 74,195 139,175

*Smoothed matrix of age and time of first exposure.
**Reflects Walker's 0.8 adjustment.
Source:  Manton (1983, Table 9).

Table 5.5:  Alternative Projections of Mesothelioma Cases, Males 1980-2009
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Walker

No-Latency

Period 21-80 21-25 26-30 31-80

1975-1979 2,630 2,630 9 24 2,597

1980-1984 3,200 3,595 66 91 3,438

1985-1989 3,500 4,516 228 235 4,053

1990-1994 3,600 5,492 559 485 4,448

1995-1999 3,400 6,617 1,113 863 4,641

2000-2004 2,900 7,801 1,926 1,367 4,508

2005-2009 2,100 9,083 2,986 1,959 4,138

Total 1980-2009 18,700 37,105 6,878 5,000 25,226

Source:  Authors' calculations.

Baseline Projection of Occupationally Exposed 
Workers

Calibration Ages

Table 5.6:  Comparison of Walker's Projection with Our Baseline Projection

The revised baseline projections can be compared with Walker’s estimates

to determine the sensitivity of the results to the matrix of occupational expo-

sures. For other comparisons, the revised baseline is the appropriate reference

projection.

5.4.3 Results

There are three basic outputs of the model. The first is the total number of

mesothelioma cases (Table 5.5). Both lung cancer and asbestosis estimates

are directly tied to this figure. The second is the estimated number of oc-

cupationally exposed workers. The third is the age distribution of projected

cases.

5.4.3.a Mesothelioma cases

For comparison with Walker’s two projections of 18,700 and 21,500 meso-

thelioma cases among occupationally exposed workers, the comparable figures

in our baseline projection are the sums of the mesothelioma cases for the

medium- and high-level exposure groups. For 1980-2009, we projected 37,105

cases in these groups — about double that of Walker’s most comparable value

(18,700, based on the “no-latency” model). Table 5.6 compares the projections

by quinquiennia, for all cohorts combined, and separately for the cohorts aged

21-25 and 26-30 in 1975-1979.
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In describing Task 1f, Walker stated that the projections were “iteratively

adjusted until . . . the 1975-79 mesothelioma predictions derived from the re-

sulting distribution of exposed workers equalled the numbers actually thought

to have occurred” (1982, p. 15). This adjustment is reflected in step 10 of our

projection. Walker’s 1977 estimates for males aged 20-24 and 25-29 were 2.0

and 6.1 cases, respectively. After adjustments in steps 2 and 6, these were con-

verted to estimates of 9 and 24 cases for ages 21-25 and 26-30, respectively.

Despite the extremely small sizes of these estimates, they account for 11,878

cases (32%) of our baseline projection in Table 5.6.

If the two youngest cohorts are removed from our baseline projection, then

the projection drops to 25,226 cases for 1980-2009. If all cases occurring above

Walker’s cutoff at age 75 are also removed, then the projection drops to about

21,840 cases, or about 17% higher than Walker’s 18,700 cases and less than

1.6% higher than Walker’s 21,500 cases in the “latency” projection.

These comparisons satisfied us that we could explain the differences be-

tween Walker’s two projections and our baseline. The finding of extreme sensi-

tivity to the mesothelioma counts below age 30 in 1977 alerted us to carefully

evaluate this factor in all later projections. Nonetheless, because the younger

cohorts were part of the calibration data, we retained their projected values

in the baseline and sensitivity analyses.

The “total mesothelioma” projection in Table 5.5 includes persons with

“low levels” of exposure. The baseline estimate of the total number of mesothe-

lioma cases (69,826) is, in contrast to the comparison with Walker’s results,

reasonably close to Selikoff’s (1981) projection of 79,745 cases. This latter

value is approximately twice the total number of mesothelioma cases implied

by Walker’s two projections (i.e., 34,630 and 39,815). Our baseline projection

is plausible if one considers that the range of Walker’s and Selikoff’s projec-

tions is plausible.

Under scenario A1, extending the period over which occupational exposure

to asbestos was reduced slightly increases the projected number of mesothe-

lioma cases (i.e., from 69,826 to 74,366, about 6.5%). The projections under

the extension are even closer to Selikoff’s (1981) estimates than the baseline

projections (74,366 vs. 79,745, 93% of Selikoff’s in Table 4.6 of Chapter 4).

Scenario A2 shows how the projections changed if the age and time dis-

tribution of exposure was uniform (flat). Changing the exposure distribution

reduced the projected values very little from the baseline (Table 5.5). A sim-

ilar smoothing operation, applied to the exposure distribution matrix, after

extending the period of occupational exposure (in effect, combining scenarios

A1 and A2) generated projections that were closer to the baseline than the

results for A1 alone.

Scenario A3 alters the proportions of occupationally exposed workers (i.e.,

those with “medium” and “high” levels of exposure). Following Walker’s ratio-

nale, this would increase the number of potential litigants from about 37,000

to over 51,000.
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Exposure
Level Baseline

Low 11,965,998 6,315,908

Medium 4,422,217 2,334,140

High 534,349 291,185

Total 16,922,564 8,941,233

Low 5,456,271 5,396,376

Medium 2,016,448 1,994,313

High 253,097 251,626

Total 7,725,816 7,642,315

Source:  Manton (1983, Table 10).

From Step 10

Analysis A2 – Model 1

Table 5.7:  Alternative Estimates of Exposed Population

From Step 7

Scenario A4 shows that altering the number of mesothelioma cases es-

timated for 1977 has an approximately linear effect on the projected total

estimates. If one accepts the 1425 figure implied by Selikoff (1981), then the

projection implies a total of 102,159 mesothelioma cases for 1980-2009.

Scenario A5 changes the exponent of the Weibull hazard function. If one

uses an exponent of 2.5, then the sum of medium- and high-exposure cases

is very close to Walker’s upper estimate (i.e., 23,000 vs. 21,500). Use of the

exponent value of 4.0 produces much higher estimates (i.e., about 74,000).

Variation of the exponent parameter over its plausible range produces high

estimates that are over three times greater than the low estimates.

5.4.3b Exposed workers

The second comparison involves the estimates of the number of exposed work-

ers. As Peto et al. (1981) noted, it is very difficult to estimate the number of

exposed workers in this type of model because it is unclear how to translate

insulation-worker equivalents obtained in steps 7 and 10 into counts of work-

ers. Nonetheless, the computations may be illustrated using conversion values

of 10 to 1 for low exposures and 5 to 1 for moderate exposure, as suggested

by Walker (1982, p. 15, Task 1f). These crude calculations are presented in

Table 5.7 for the baseline and smoothed (Analysis A2, Model 1) scenarios.

Table 5.7 shows that smoothing, although having a small effect on the

number of mesothelioma cases projected, can have a tremendous effect on the
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estimated number of insulation-worker equivalents. The estimate in step 7 was

nearly halved from 16.9 million to 8.9 million because the projected number

of exposed workers was greatly decreased in the interval 1965 to 1974. This

effect was then almost completely removed by the renormalization in step 10.

5.4.3c Projected age distribution

Walker did not discuss the age distribution of projected cases. As Table 5.6

illustrates, the quinquennial age distributions may reveal cohorts with unsta-

ble projections due to model calibration based on small numbers of cases. It

is also useful to stratify the projections by age because the propensity to sue

varies with age, being highest in middle age (i.e., 24% for persons 45-59) and

declining at later ages (i.e., 9% for 65-69 and 6% for 70+; 16% overall) (see

Selikoff, 1981, p. 435, Table 5-83). Selikoff’s (1981) Table 5-85 showed that the

overall tendency to sue increased in later calendar years (i.e., from 3% when

the worker died in 1967-1968 to 32% when the worker died in 1975-1976). In

addition, the age at death could influence the amount of a settlement if the

award were based on a concept such as years-of-life lost. The age distribution

of projected mesothelioma cases matters.

Table 5.8 shows that, under the baseline model, 43% of the cases projected

to arise from workers with low- and medium-exposure levels and 39% of the

projected cases for workers with high levels of exposure occur after age 65.

However, 11,878 cases (55%; see Table 5.6) of the total 21,572 cases projected

for medium and high levels of exposure for ages 65 or below (Table 5.8) derive

from the experience of the two youngest cohorts based on about 8 cases of

mesothelioma in 1977. Different parts of the projection have very different

levels of uncertainty.

5.5 Conclusions

Walker’s (1982) projections were based largely on epidemiological studies of

asbestos-exposed workers. These studies, although the best then available,

suffered limitations of design, measurement, and analysis:

• Design: Periods of exposure to asbestos overlapped periods of follow-up.

A survey of asbestos-exposed workers excluded those under age 40.

• Measurement: Concentrations of asbestos fiber in the workplace were not

measured. Durations of exposure to asbestos were not measured.

• Analysis: The age structure of exposed populations was not considered.

Distributions of year of first asbestos exposure were inferred for large num-

bers of workers from samples of cases that were not randomly selected or

were extremely small in number.
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Walker’s (1982) projections were affected by many sources of qualitative

uncertainty, some of which biased his results upward, some downward, and

some in either direction.

When we subjected Walker’s (1982) projections to a formal sensitivity

analysis, using a reconstruction of his computer program, the calculated un-

certainty in his projections was much larger than he estimated. For the period

1980-1984, only 5 years ahead of the base period 1975-1979, the ratio of high

to low projections from Walker’s model was 5 for mesothelioma, 51 for lung

cancer, and 11 for asbestosis. This forecast uncertainty resulted only from

uncertainty about the numerical values of the parameters used in Walker’s

model, taking as given many other assumptions Walker made (e.g., that the

lower post-World War II mesothelioma incidence rates may be disregarded in

favor of the higher 1922-1946 rates, that lung cancer mortality rates would not

increase in the future, that no new asbestosis cases would arise after 1984).

The uncertainty in the lung cancer and asbestosis projections, only 5 years

forward, was so large as to cast doubt on the practical utility of the models

for lung cancer and asbestosis. The range of forecasted new cases of mesothe-

lioma among males with documentable asbestos exposure for 1980-1984, from

1700 to 8500, was large enough to leave ample room for Walker’s projection

of 3200 cases to err.

When Walker’s projections were compared with projections of asbestos-

related mesothelioma and lung cancer made by others, the range of variation

was so large that it was a safe conclusion that some of them would be wrong

by a substantial margin. Although Peto et al. (1981) shared the central as-

sumption of Walker’s mesothelioma projections and arrived at numerically

similar forecasts, others shared neither Walker’s approach nor his projections.

Ultimately, only when the future happens will it be possible to decide which,

if any, of these approaches to projection is sound. This will be explored further

in Chapters 6-9.
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Updated Forecasts Based on Indirect

Estimates of Exposure

6.1 Introduction

Part of the uncertainty in projections from Walker’s (1982) model was due to

data limitations. Our modeling for the Rule 706 Panel updated the data used

in that model and generated new projections of mesothelioma personal injury

claims with substantially narrower uncertainty limits. These mesothelioma

projections were done at two levels: Nationally, using the SEER data from

NCI, and Manville-specific, using the Trust claim data. Claims of mesothe-

lioma in the Manville Trust data appeared to stabilize at about 40% of the

reports of mesothelioma in the SEER data for the periods 1985-1989 and

1990-1994. This relation justified our moving from the SEER level to the

Trust level in Chapter 8. Projections of claims from nonmesothelioma diseases

were developed using the exposed population estimates from the mesothelioma

projections.

Data from the Trust indicated that 97% of all qualified claims were filed

by male claimants. Because we conducted a detailed analysis only for the male

claim experience, we restricted our projections to the number of future claims

for males. Estimates for both sexes may be approximated by multiplying each

projected male value by 1.03.

6.2 Factors Considered

The projections were based on a computer model with initial calibration con-

ducted in two stages. First, the national incidence of mesothelioma for 1975-

1989 was estimated from files prepared by the National Cancer Institute (NCI)

through their Surveillance, Epidemiology, and End Results (SEER) Program.

The SEER mesothelioma projections reconstructed the rates and counts

of male exposures to asbestos for 1915-1974. From this reconstruction, we

generated a forward projection of the number of survivors at each age and

calendar year, stratified by the length of time since first exposure (TSFE) to

155
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asbestos. For each 5-year period following each age and date of initial expo-

sure, we computed the probability of mesothelioma diagnosis. To generate the

projected counts of mesothelioma incidence, the probabilities of mesothelioma

diagnosis were multiplied by the counts of survivors, for each combination of

age, date, and TSFE. The total number of male mesothelioma diagnoses was

obtained by summing over the three dimensions of the projection: age, period,

and TSFE.

The counts of survivors were initially scaled to be equivalent to the number

of insulation workers who would have been exposed in the past if all current

cases of mesothelioma were among insulation workers. The assumption of

insulation-worker equivalent (IWE) counts is evaluated in this chapter. The

IWE assumption implies that the amount of disease associated with each

unit exposure to asbestos does not depend on the actual number of persons

exposed. This means that 10 insulation workers, each of whom is exposed

to 100 g of airborne asbestos (1 kg total), would exhibit the same disease

outcomes as, say, 100 cement workers, each of whom is exposed to 10 g of

airborne asbestos.

Second, the Trust claim experience for the period 1990-1994 was tabu-

lated from administrative files maintained by the Trust and extracted for our

use on December 2, 1992. Estimates were made for nine categories of alleged

disease/injury specified on the Proof of Claim (POC) Form submitted to the

Trust by each claimant. The male claim experience from January 1, 1990 to

November 30, 1992 (referred to as 1990-1992 for brevity) was extended to

the 5 years 1990-1994 by assuming that the monthly claim filing counts were

constant within disease and age groups. For each of nine diseases, the claim

counts were tabulated by age and TSFE and matched to the corresponding

IWE survivor counts (available from the SEER-based projection) by age and

TSFE. This allowed computation of disease-specific claim filing rates by age

and TSFE for the period 1990-1994. The projection model matched exactly

the age, TSFE, and disease-specific male claim counts estimated for the pe-

riod 1990-1994. This guaranteed that the starting levels of the Trust claim

projections were anchored in plausible estimates.

For each 5-year period starting with 1990-1994 and ending with 2045-2049,

the disease-specific claim filing rates were multiplied by the IWE surviving

population counts, for each combination of age and TSFE, to generate the

projected number of future claims against the Trust. The total number of male

claims was obtained by summing over the four dimensions of the projection:

age, period, TSFE, and disease.

If a claimant claimed multiple diseases, the most severe disease was selected

to represent his injury. The hierarchy used by the Trust ranked the injuries by

relative severity: (1) mesothelioma; (2) lung cancer; (3) colon/rectal cancer;

(4) other cancer; (5) asbestosis; (6) disputed asbestosis; (7) pleural plaques and

thickening; (8) nonasbestos-related disease; and (9) unknown disease. These

nine categories represented a consolidation by the Trust of listings of hundreds

of specific injuries. Thus, in describing category 6 as “disputed asbestosis,”
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the Trust believed it unlikely that the stated injury was actually asbestosis.

Describing category 8 as “nonasbestos-related disease” meant that the Trust

believed the injury was not caused by asbestos exposure. “Unknown” injuries

in category 9 represented incomplete or missing information on the detailed

POC form.

The Trust settlement process involved an evaluation of the alleged dis-

ease/injury and a reclassification of the claim into a set of “validated” dis-

ease/injury categories. Under the original Trust Plan, this occurred in two

forms. First, under the “prepetition” settlement process, claims filed before

the Johns-Manville bankruptcy petition in 1982 were settled by a process in

which groups of claims, organized around law firms, were settled as a group

with less intensive scrutiny than for later settlements. Second, under the “post-

petition” settlement process, claims filed after the bankruptcy petition were

individually evaluated. Unknown disease/injuries were resolved as one of the

other eight categories. Almost all of these claims were settled before July 1990.

The Trust was ordered to stop payments under these settlement processes

in July 1990 (except for a few cases of extreme hardship), and this stay per-

sisted until the case was finally settled in December 1994. Under the 1994

settlement’s Trust Distribution Process (TDP), claims were to be evaluated

using a modification of the eight-category classification system that was used

under the original postpetition settlement process (Weinstein, 1994). Cate-

gories 3 and 4 were combined into a new category 4 (other cancer — specifically:

colon/rectum, larynx, esophagus, or pharynx). Category 2 was separated into

two new categories distinguishing lung cancer among nonsmokers (category 2)

from smokers (category 3). Categories 5 and 6 were redesignated as disabling

versus nondisabling bilateral interstitial lung disease.

Table 6.1 displays the distribution of validated disease/injury by most

severe alleged disease/injury for claims filed after the Johns-Manville bank-

ruptcy petition in 1982 and settled under the original postpetition settlement

process. Overall, 93.4% of alleged cancer claims were validated as cancer and

95.7% of alleged noncancer claims were validated as noncancer. Within these

two categories, however, there were substantial shifts. Unknown disease/injury

was shifted down to one of the first eight categories, with 80.3% shifted to

nonasbestos-related disease. Disputed asbestosis had the lowest validation

rate (17.8%), with 57.3% shifted to pleural plaques/thickening. Nonasbestos-

related disease had the next lowest validation rate (25.3%), with about equal

fractional shifts to categories 5, 6, and 7.

Mesothelioma (93.6%) and lung cancer (91.1%) had the highest valida-

tion rates as well as the highest settlement amounts — $150,000-$200,000 for

mesothelioma and $60,000-$90,000 for lung cancer, depending on which type

of settlement amount (estimated vs. actual) is used.

The scheduled settlement amounts for validated disease/injuries were de-

rived from the final Trust Distribution Process (TDP) (Weinstein, 1994). Un-

der the TDP, the validated disease category corresponding to asbestosis (5)

was redefined as disabling bilateral interstitial lung disease, and disputed as-
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bestosis (6) was redefined as nondisabling bilateral interstitial lung disease.

Table 6.1 shows that 52.2% of asbestosis was retained in category 5, and

only 17.8% of disputed asbestosis was retained in category 6. The validated

lung cancer category had two scheduled payment levels — $60,000 and $90,000,

with the higher payment for nonsmokers. In Table 6.1, we assumed an average

payment of $78,000.

The scheduled amounts exceeded the actual amounts from the validated

claims of the postpetition settlement process by an average of 18%. The great-

est excess was for mesothelioma (33%) and the greatest reduction was for

pleural plaques/thickening (−48%). The 31% increase for asbestosis reflected

the restriction to disabled claimants.

The estimated settlement amounts for alleged disease/injuries were

weighted averages of the scheduled settlement amounts, using the percent

distribution for alleged diseases as the weights. These estimates agreed well

with the actual settlement amounts for alleged disease on the Trust extract

file (R2 = 99.4%), with the largest discrepancy for mesothelioma (30%). The
asbestosis excess was 14%, making it just about average (15%). Categories 8

and 9 together had an estimated and actual settlement amount of $23,400,

which was comparable with the asbestos-related noncancers in categories 6

and 7. Thus, it was important to retain these categories in claim projections

based on alleged disease/injuries.

The Trust claim data played a key role in the first-stage calibration based

on the SEER mesothelioma data because the first-stage calibration required

estimates of the distribution of TSFE for each age and date of mesothelioma

diagnosis. Such estimates could not be obtained from SEER but could be

obtained from information in the Trust claim data files on 5482 mesothelioma

diagnoses. These estimates were substantially more credible than the estimates

in Peto et al. (1981, Table 2) based on 69 male mesothelioma cases or in Walker

(1982, Task 1c) based on 278 mesothelioma claims against Johns-Manville.

The main issue in using these estimates in the first-stage calibration was

whether they introduced substantial bias into the projections. We argued that

they do not for two reasons. First, sensitivity analyses in Section 5.4.2 (sce-

nario A2) indicated that major modifications of Peto et al.’s (1981) exposure

distribution had only minor effects on the projections. Given the similar struc-

ture of the first-stage calibration in this chapter, we expected a similar lack

of sensitivity, so it was not critical to obtain precise estimates of the exposure

distribution. Second, Hersch (1992) argued that the Manville Trust’s claim

experience was representative of the entire asbestos industry. We found that

the Trust’s mesothelioma diagnosis rates converged to about 40% of the na-

tional total, and to perhaps 56-78% of all occurrences related to occupational

exposures (see Section 6.5.3). The Trust data represented a large fraction of

the national incidence of mesothelioma — up to four times larger than the

SEER data, which included only about 10% of mesothelioma incidence — sug-

gesting that biases induced by using the Trust data could be smaller than

biases induced by using the SEER data.
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Our main interest was in forecasting claims of asbestos-related diseases (or

“injuries”) against the Trust, so we could tolerate some bias in the national

projections if that bias was in the direction of the Trust claim experience. A

second-stage calibration was designed to reproduce exactly the Trust claim

filing rates in the baseline period 1990-1994, and this could be accomplished

with a range of alternative outputs from the first-stage model.

Because of limitations of data in the Trust claim files, detailed projections

were done only for males. Simple ratio adjustments were used to make esti-

mates for females. Females accounted for only about 3% of all Trust claims

and 6% of mesothelioma claims. In the SEER data, females accounted for 22%

of mesothelioma cases in 1985-1989.

6.3 Assumptions

The projections were based on the discrete-state stochastic process depicted

in Figure 6.1. Under this process, each person is followed from his year of birth

yb to death at any time up to age a3 in year y3. For projections, the number

of persons with initial exposures at age a0 in year y0 will be a major focus

of interest. The ages are “idealized” in the sense that everyone is potentially

at risk to every event. For example, if the initial exposure to asbestos never

occurs, we assume that a0 is large (e.g., any value over 125 years).

The next event is the diagnosis of an asbestos-related disease at age a1 in

year y1. For this event to occur, a person must not die of some nonasbestos-

related disease prior to age a1. Actually, there is a high probability that per-

sons with asbestos exposure will die from nonasbestos-related diseases, espe-

cially if the amount of exposure is small.

The next event is the filing of a claim against the Manville Trust at age a2
in year y2. If the claim is filed by the estate of a decedent, then a2 is imputed

as a2 = y2 − yb.

The final event is the death of a living claimant at age a3 in year y3. Once

a claim has been filed, the subsequent death of the claimant will affect the

settlement process, but it will not affect projected claim counts. Death from

nonasbestos-related disease prior to claim filing reflects a competing risk. This

was explicitly taken into account in our projection model.

Our projections were based on a claim hazard rate (CHR) model specific to

each of nine diseases. This type of model used data on attained age and TSFE

to estimate the rate at which claims were filed in the surviving population with

these age and TSFE characteristics during 1990-1992. These claim filing rates

were assumed to remain constant for the period 1990-2049, thereby providing

a basis for forecasting the future claims for each disease as a fraction of the

surviving population in each subsequent period.

Each projection model employed some constancy assumption. In all pop-

ulation forecasting, certain aspects (e.g., parameters) of the forecast are as-

sumed constant (Keyfitz, 1984). It is desirable to minimize the number of
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Figure 6.1:  States and Transitions Represented in Projections of Asbestos-
Related Disease Claims 

 
 

 

Born in year yb 

Initial exposure to asbestos 
at age a0 in year  

y0 = yb + a0 

Diagnosis of asbestos-
related disease at age a1 in 

year y1 = y0 + a1 – a0 

Files claim against 
Manville Trust at age a2 
in year y2 = y1 + a2 – a1 

Dies before age a0 

Dies before age a1 

Dies before age a2; 
no claim filed 

Dies before age a2; claim 
filed by estate in year y2 

Dies at age a3 > a2 in 
year y3 = y1 + a3 – a1 

parameters in the projection model while producing a realistic forecast of fu-

ture events. Comparison of the results of alternative models allows assessment

of the effects of various assumptions and ultimately permits one to determine

which projections are realistic and which are not.

Our mesothelioma projection model was based on two assumptions. First,

it was assumed that all cases of mesothelioma that occur in the United States

were due to asbestos. This was the view of the NCI (Reynolds, 1992, p. 561):

“Asbestos is the only known risk factor for mesothelioma, a tumor of the

membranes lining the chest or abdominal cavities.” If this were true, then es-

timates of the amount of exposure to asbestos in previous years could be made

from incident cases of mesothelioma. Second, it was assumed that accurate

estimates of the number of incident cases of mesothelioma could be derived

from data collected by SEER. If this were true, then both the exposure and

incidence counts could be calibrated to reproduce the SEER data in any se-
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lected set of baseline years. The incidence predicted for later years would form

the projection.

The assumption that all cases of mesothelioma in the U.S. were due to

asbestos was an oversimplification. The epidemiological evidence in Chap-

ter 2 indicated that the attributable risk (AR) for occupational exposures
to asbestos was in the range 80-90% (see Section 2.6). The extent to which

the remaining 10-20% of cases were due to nonoccupational exposures to as-

bestos was unknown. Fortunately, this lack of knowledge was not critical to

our two-stage model. The IWE form of the first-stage model can absorb any

multiplicative constant without changing the relative timing of the projected

outcomes. This permitted Walker (1982) to assume that 54% of cases were due

to occupational exposures to asbestos. Likewise, it would permit us to assume

any higher value in the range 54-100% with only a proportional change to

the overall first-stage projection. We selected the 100% value because no risk

factor other than asbestos was known with certainty and because the second

stage of the projection model for mesothelioma claims against the Trust was

not sensitive to the AR-parameter value.
Our mesothelioma projection model required estimates of the number of

persons exposed to asbestos in prior years, their age at start of exposure, and

the date exposure initiated. We also estimated the number of exposed per-

sons alive at each year subsequent to start of exposure. Both tasks required

that we estimate the rate at which unexposed persons die, over age and cal-

endar years. With those estimates and assuming that the same rates apply

to nonasbestos-related mortality among exposed persons, we estimated the

probability that any exposed person would be alive any number of years after

his initial exposure.

Our mesothelioma projection model assumed that start of exposure to as-

bestos, but not length of exposure, was the only significant event in the inci-

dence of mesothelioma. This is only an approximation, however, because there

is evidence that very large durations of exposure have incremental effects on

the incidence of mesothelioma (OSHA, 1983, 1986; EPA, 1986). Fortunately,

the effects are quantifiable: The difference between short-term exposure and

long-term exposure at the same constant rate per unit time is manifest in

pairs of incidence curves whose ratio is proportional to time since start of

asbestos exposure. Furthermore, intermediate durations of exposure yield in-

cidence curves that lie between these two extremes (see Section 8.4). Thus,

given that the majority of workforce exposure was for short duration (Selikoff,

1981, Table 2-13), we made the simplifying assumption that time since start

of exposure to asbestos was the only (rather than the main) determinant of

mesothelioma incidence. This assumption also reflected the limitations of data

in the Manville Trust files. In general, the Trust consistently recorded the date

of first exposure to Manville asbestos for each claimant. Subsequent exposures

and dates of termination of exposure were recorded less consistently.

Throughout this chapter, we use the Weibull function as a parametric

model of the claim hazard rate (or claim filing rate), with TSFE as the time
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variable. This function provided an approximation to the probability that a

person who was alive at a given time since first exposure filed a claim within

the next time period. Mathematically, this is expressed as

Pr[file claim within one time unit after TSFE, given survival to TSFE]

≈ b× (TSFE)k (b, k > 0) .

The approximation improves as the time units shrink (e.g., from years to

months, or weeks). b is a scale parameter that depends on the selected time

units (i.e., b is the probability value when TSFE = 1). k is a shape parameter

that determines the curvature of the function. k may take on fractional values.

The k parameter of the Weibull hazard model is generally not restricted to

integer values, although it is so restricted in the multihit/multistage model

of cancer developed by Armitage and Doll (1954, 1961) (see Section 2.3.1d).

However, with variation in duration of exposure, an approximating form of

the Weibull model can be developed for the multihit/multistage model that

uses noninteger k values (OSHA, 1983, 1986) (see Section 8.4). Thus, we use

the best fitting k values without restriction to the set of integers. Five integer

k values have important interpretations: (1) k = 0 implies that the claim filing

rate is constant with respect to TSFE. This is the simplest possible model.

(2) k = 1 implies that the claim filing rate is proportional to TSFE. This

appears to describe the claim filing rates for noncancer claims. (3) k = 2

implies that the claim filing rate is a quadratic function of TSFE. This model

works well for lung cancer claims. (4) k = 3 implies that the claim filing rate

is a cubic function of TSFE. This model works well for mesothelioma claims

among populations with low-level exposures to asbestos. (5) k = 4 implies

that the claims filing rate is a quartic function of TSFE. This model works

well for asbestosis and mesothelioma mortality among insulation workers.

We used the Weibull function to model incidence, death, and claim filing

rates for mesothelioma. Figure 6.1 indicates that a claim must occur after di-

agnosis, but the model does not restrict the claim to occur only before or only

after death. The Trust data for 1958 qualified male claims for mesothelioma

injury from the beginning of 1990 to mid-1992 provided useful information on

the sequencing of these events. The median lag from diagnosis to death was

0.51 years, and from death to claim filing, it was 0.71 years, for a total lag of

1.22 years from diagnosis to claim filing for the 76.4% of claimants who died

before filing. The median lag from diagnosis to claim filing was 0.64 years for

the 23.6% of claimants who were alive at filing and 1.06 years for both types

of claimants combined. In addition, assuming an exponential distribution of

death times following diagnosis, the median survival for the 76.4% implies an

overall median survival of 0.73 years — 0.33 years less than the overall median

claim lag.

These results were consistent with Selikoff’s (1981) observation that most

mesotheliomas lead to death within a year of diagnosis. The additional infor-
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mation provided by the Trust was that the claim filings occurred rapidly after

diagnosis — with only a moderate delay if death occurred.

Given that (1) the median lags between diagnosis, death, and claim fil-

ing were all less than 1 year, (2) the peak death rates for mesothelioma oc-

curred about 45 years after onset of exposure, and (3) there was substantial

uncertainty about the k parameter of the Weibull hazard rate, we used a

two-parameter Weibull hazard for modeling incidence and claim filing rates

for mesothelioma as a function of TSFE, rather than introducing a mathe-

matically more consistent but statistically less stable hazard form for claim

filing (or death) based on the convolution of the distributions of the incidence

(a1 − a0) and continuance (a2 − a1) transition times in Figure 6.1. This was
consistent with the standard practice of using the Weibull hazard to model

both incidence and death rates for cancers that have poor survival. The use of

maximum likelihood estimation ensured that the estimated function would be

the best fitting function for the selected endpoint of the exposure-occurrence

process.

Because the number of mesothelioma deaths in the United States was

relatively small compared with the total number of deaths per year (about

0.1% overall; 0.2% for males), we used estimates of total mortality rates for all

males to represent nonmesothelioma mortality in the model. We restricted the

age ranges to 15-99 years of age because exposures below age 15 were probably

not occupational exposures. Exposures associated with survival above 95 years

were beyond the range of data from SEER. In effect, we assumed that no

claims would arise from incidence of mesothelioma in persons aged 100 and

over. As the latest baseline period was 1985-1989, the oldest group reached 95-

99 years in 1985-1989. They were mostly born in 1890-1894 and reached age

25 in 1915-1919. We assumed no asbestos exposure prior to 1915, so mortality

rate estimates were required for 1915 to 1989, with projections for 1990 to

2049.

Estimates of the number of persons exposed to asbestos were obtained by

dividing the number of mesothelioma diagnoses in 1975-1989 by the rate at

which mesothelioma occurred among insulation workers. To the extent that

this rate was higher than the rate faced by the average worker exposed to

asbestos, the estimate of the number exposed was too low. This was not a

problem, however, because a low estimate of exposed workers, leading to a low

estimate of surviving persons exposed to asbestos, was combined with a high

estimate of the mesothelioma incidence rate, yielding the observed number

of mesothelioma diagnoses for 1975-1989 and a reasonable extrapolation to

future years.

Walker (1982) referred to this canceling effect in describing the concept of

“insulation-worker equivalents” (IWEs). Peto et al. (1981) used the term “ef-

fective level of exposure” to characterize the same effect. The cancellation ef-

fect implied a linear extrapolation from higher doses, where the dose-response

effects were easiest to study, to low doses, where the dose-response effects were
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difficult to study. Such linear extrapolation is standard in environmental risk

assessment (EPA, 1986).

One practical issue with the use of IWEs was how to adjust the surviving

population when a claim occurred. If the exposure counts were real people,

then it would be necessary to adjust the count downward by one person as

each claim occurs. On the other hand, if the IWEs were too small by a factor

of, say, 40, then the count should only be adjusted downward by 1/40 person

as each claim occurs. In this latter case, the depletion due to filed claims

would be relatively trivial. The only remaining factor controlling the size of

the surviving exposed IWE population was mortality.

We assumed no depletion due to claims in this chapter. This implies that

our projections were upwardly biased to a degree that depended on the ratio of

the number of IWEs to the true exposure count. We will evaluate the impact

of this assumption in Chapter 8.

There were 11 steps in the first-stage baseline projection of mesothelioma

incidence at the national level. A 12th step was added to project the surviving

number of IWEs by attained age and TSFE. These steps formed the first-

stage calibration and they were used to develop several types of projection of

the number of claims, by type of disease/injury, for seven classes of alleged

disease/injury used by the Trust in their initial classification of claims of

asbestos-related injuries. The determination of the claim filing rates for these

projections formed the second-stage calibration of the model. Because a person

may claim more than one disease/injury, we projected claims according to the

most severe disease/injury in order to have a unique classification of claims.

We extended the hierarchy of diseases used by the Trust in its settlement

negotiation process from seven to nine categories: 1 = mesothelioma; 2 =

lung cancer; 3 = colon/rectal cancer; 4 = other cancer; 5 = asbestosis; 6 =

disputed asbestosis; 7 = pleural plaques/thickening; 8 = nonasbestos-related

disease; and 9 = unknown.

6.4 First-Stage Calibration: Overview

The 12 steps in the first-stage baseline model reflected the use of all mesothe-

lioma incidence data for the combined baseline periods 1975-1979, 1980-1984,

and 1985-1989. The first 10 steps were updated and modified versions of the

first 10 steps described in our sensitivity analysis of Walker’s projections in

Section 5.4.1. The 11th and 12th steps were formed by separating step 11 of

the prior sensitivity analysis into component projections of the at-risk popu-

lation and the national mesothelioma incidence. Alternative scenarios can be

generated by modifying 1 or more of the 12 steps in a manner similar to that

in Section 5.4.2. The first-stage calibration may be divided into three logically

separate phases: (1) data preparation; (2) model estimation; and (3) model

projection.

The first phase focused on data preparation. The steps were as follows:
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1. Nonmesothelioma mortality rates. We obtained age-specific total mortal-

ity rates for 5-year intervals 1915-1919, 1920-1924, . . . , 1980-1984, 1985-

1989, . . . , 2045-2049, for ages 15-19, 20-24, . . . , 90-94 from U.S. life tables

and vital statistics data from 1910 to 1989 for U.S. males, and projections

to 2049. The rates represent the “competing risk” effects of nonmesothe-

lioma mortality. The projections from 1990-1994 to 2045-2049 assumed

a constant percentage decline, estimated separately for each 5-year age

group.

2. National estimates of mesothelioma incidence counts. We obtained na-

tional estimates of mesothelioma incidence counts from SEER data for

age groups 15-19, . . . , 95-99 and the calendar periods 1975-1979, 1980-

1984, and 1985-1989. The three periods defined the baseline periods of

the projection and, in the baseline projection, were combined into one 15-

year period. In Walker’s (1982) original methodology, the baseline period

was a 5-year period and no method for combining separate 5-year peri-

ods was considered. Walker’s projections were updated by changing the

baseline period from 1975-1979 to 1985-1989, in Chapter 7. Combining

baseline periods differed from updating and was a more efficient use of

the data.

3. Distribution of age and date at start of asbestos exposure for mesothelioma

incidence among Manville Trust claimants. We obtained three distribu-

tions (one for each baseline period) of the age group and date of start

of asbestos exposure claimants from Manville Trust data for mesothe-

lioma diagnoses during each of the three periods 1975-1979, 1980-1984,

and 1985-1989. The exposure distributions were smoothed to reduce the

variability attributable to stochasticity of small frequencies. We replaced

each count by an average of counts from immediately adjacent ages and

calendar periods (a type of two-dimensional moving average).

4. Normalization of exposure. We normalized each matrix from step 3 by

cohort so that the cohort sum represented unit probability mass. Cohort

sums were obtained by adding terms along the diagonals of the matrices.

More precisely, let Fa,a+4;y,y+4(t) denote the individual terms in that sum.
Then, for the 1975-1979 diagnoses, we defined

Fa,a+4;y,y+4(t) =
Ea,a+4;y,y+4(t)P

s=0,5,10,...
Ea1−s,a1+4−s;y1−s,y1+4−s(s)

,

where Ea,a+4;y,y+t(t) denoted the mesothelioma counts for 5-year groups
(a, a+4) by 5-year calendar periods (y, y+4) of initial exposure and where
a1 = a + t and y1 = y + t = 1975 were the lower bounds of the age and
date-of-diagnosis interval 1975-1979. Similar expressions were developed

for the 1980-1984 and 1985-1989 diagnoses.

5. Intensity of exposure. We obtained estimates from Walker (1982, p. 6) of

the proportion of low, medium, and high levels of exposure among cases of

mesothelioma. These fractions were fl = 0.46, 0.34, and 0.20, respectively,
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where the medium and high levels of exposure were the 54% occupation-

ally exposed workers (Walker’s Task 1b). The “extra” 46% constituted our

estimate of the low-exposure group. Sensitivity analysis of the fl parame-

ters indicated little sensitivity of the total number of projected claims to

variation in these values.

The second phase focused on estimating how many people must have been

exposed to asbestos in the past to account for mesothelioma cases in 1975-1989

(see Section 6.6 for details). The calculations were performed separately for

low-, medium-, and high-exposure subgroups of the mesothelioma incidence

counts obtained from steps 2 and 5. The results of each of these calculations

were the numbers of insulation workers (IWEs), not the numbers of persons

actually exposed. Insulation workers were generally subject to the highest

levels of exposure (see Table 3.1) and one insulation worker could be equiva-

lent to 25 automobile maintenance workers, based on relative risk ratios from

Selikoff (1981).

6. Stratification of national estimates of mesothelioma incidence counts by

level of asbestos exposure. Using the proportions from step 5, we adjusted

incidence counts obtained in step 2 for each of three exposure levels. The

estimated proportions of low, medium, and high levels of asbestos expo-

sure for cases of mesothelioma were fl = 0.46, 0.34, and 0.20, respectively.

The proportions with medium and high levels of exposure (0.34 and 0.20)

sum to the 54% of occupationally exposed workers with documentable

exposure, defined and discussed by Walker (1982).

7. Estimation of the IWE population exposed to asbestos prior to 1975 by

level of asbestos prior to 1975. We calculated the population exposed

to asbestos, prior to 1975, necessary to yield the national incidence of

mesothelioma from step 6 for the periods 1975-1979, 1980-1984, and 1985-

1989. These calculations yielded IWE exposure counts by age and date

of first exposure and by level of exposure that formed the basis of the

projections. In reconstructing these counts using mesothelioma incidence

counts from step 6, it was necessary to adjust for both mesothelioma and

nonmesothelioma mortality. For the high-exposure subgroup, age-specific

hazards for nonmesothelioma mortality (from step 1) were multiplied by

1.37 to conform with Walker’s methodology to represent the noninde-

pendence of competing risks (Walker, 1982, p. 14) (see Section 4.4.1e).

The medium- and low-exposure subgroups were assumed to have only the

standard hazards of nonmesothelioma mortality. We did not distinguish

between incidence and mortality rates for mesothelioma because of the

short survival time (i.e., less than a year) after diagnosis. For both types

of rate, we used the Weibull hazard function as fitted by Peto et al. (1982)

to data on mesothelioma mortality among insulation workers over a 50-

year exposure period (Selikoff, 1981). Virtually any discrepancy in the

use of a common k parameter for both incidence and mortality rates can
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be absorbed into the b parameter of the incidence function (see Section

4.4.1d).

8. Adjustments to exposure during 1955-1974, by level of asbestos exposure.

We replaced the IWE exposed populations from step 7 for first exposures

in 1955-1959, 1960-1964, 1965-1969, and 1970-1974 with the age-specific

average of the IWE exposed population with first exposures in 1945-1949

and 1950-1954. This was consistent with the observation of Peto et al. that

their data “show no evidence of any change in extent of exposure since

1945” (Peto et al., 1981, p. 59). The purpose of this step was to avoid

instability of estimates of the exposed population due to low numbers of

mesothelioma cases among persons exposed more recently.

9. Adjustments to reflect improvements in the workplace during 1960-1974,

by level of asbestos exposure. We deflated the later data from step 8 using

the “workforce discounts” 1960-1964, 10%; 1965-1969, 50%; 1970-1974,

75%; and 1975-1979, 100%. Walker (1982, Task 1f) introduced these dis-

count factors to reflect the effects of improvements in the workplace in

the amounts of ambient asbestos fiber. Whereas step 8 implied constant

numbers of real workers over time, step 9 implied reduced intensity of

exposure per real worker and, hence, in IWEs over time.

10. Renormalization by level of asbestos exposure. We renormalized the IWE

exposed populations from step 9 so that the mesothelioma incidence by

cohort for the combined periods 1975-1979, 1980-1984, and 1985-1989 ob-

tained in step 6 was predicted exactly. The renormalized values were crit-

ical parameters for the projection model because they represented the

inferred IWE population exposed to asbestos by age and by date of first

exposure to asbestos. They were central, not only to mesothelioma projec-

tions but also to projections of the other eight diseases. On the assumption

that mesothelioma never occurs without prior asbestos exposure, mesothe-

lioma is an unambiguous marker of asbestos exposure (as opposed to

chronic respiratory problems or lung cancer which can be caused by other

agents) and the mesothelioma-based IWE estimate can be used validly

to project the other asbestos-related diseases. This will also be true if a

small constant fraction of mesothelioma is due to some cause other than

asbestos, although the IWE estimates will be too large by a corresponding

amount.

The third phase comprised the projections of the survival of the at-risk

IWE population and the future incidence of mesothelioma at the national

level. This phase completed the first-stage baseline projection model.

11. Forward projection of the at-risk IWE population by level of asbestos expo-

sure. For each age and date of start of exposure, we projected the number

of IWEs that would survive to later years and later ages. These estimates

were accumulated by 5-year age groups and 5-year calendar periods. The

detailed IWE results were used in the national mesothelioma projections
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in step 12 and in the Manville Trust claim projections in the second-stage

model.

12. Forward projection of mesothelioma incidence by level of asbestos expo-

sure. For each age and date of start of exposure, we projected the number

of mesothelioma cases that would occur nationally in later years and at

later ages. These estimates were accumulated by 5-year age groups and

by 5-year calendar periods.

Once the baseline model had been developed, it was possible to forecast

claims against the Trust in a second stage, using a claim hazard rate (CHR)

model based on the assumption that a select, detailed set of claim filing rates

observed in 1990-1992 would be constant over the entire period 1990-2049. The

historical exposure estimates from step 10 were combined with the Trust claim

data for 1990-1992 to calibrate a separate nonparametric hazard function

for each of the alleged nine diseases. The nonparametric hazard rates for

mesothelioma and for each of the other eight alleged diseases were then used

to replace the parametric hazard rates for mesothelioma used in step 12. This

yielded direct and independent projections of the claim counts for each of the

nine alleged diseases.

6.5 Data Preparation

Steps 1-5 involved acquisition and manipulation of the various data inputs

for the mesothelioma projection model. In this section we describe the data

sources and discuss their limitations.

6.5.1 Step 1: Nonmesothelioma Mortality Rates

Construction of nonmesothelioma mortality rates required observed mortality

and population data for the period 1915-1989 and projected mortality rates

for the period 1990-2049. The data used in this analysis came from many

sources and were adjusted using estimates of census underenumeration (Siegel,

1974; Keyfitz, 1979). In general, adjustments for census underenumeration

were greater for blacks than whites, especially for young adult males.

For the white population for decennial years 1910 to 1950, life table esti-

mates were made by Coale and Zelnik (1963). For the black population, for

decennial years 1910 to 1950, official life tables were adjusted for enumeration

error using the estimates of net census undercounts by Coale and Rives (1973).

Mortality rates for single years of ages 0, 1, . . . , 89 for whites and 0, 1, . . . ,

84 for blacks were obtained by nonlinear interpolation of the 5-year mortality

rates in each set of life tables. The interpolation preserved the 5-year total

hazards while keeping the endpoints of adjacent 5-year intervals as close as

possible. Both sets of mortality rates were extrapolated to age 99 using the

procedure described in this section.
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Mortality rates for the total sex-specific populations were estimated from

adjusted data assuming that the white rates applied to 87.5% of the popu-

lation and the black rates to 12.5% (i.e., to all nonwhites). Rates for other

than decennial years were obtained by linear interpolation between adjacent

decennial rate estimates.

For 1950-1989, separate estimates of the population of whites and non-

whites were obtained by linear interpolation of race- and single-year age-

specific counts (ages 0, 1, . . . , 94) from the 1950, 1960, 1970, and 1980 U.S.

Censuses and intercensal estimates for 1981-1989; these data were adjusted for

underenumeration, race misclassification, and age misreporting errors (Coale

and Zelnik, 1963; Passel et al., 1982; Siegel, 1974). Siegel’s adjustments em-

ployed the Coale-Zelnik and Coale-Rives methodology for estimating under-

enumeration.

We obtained counts of deaths for whites and nonwhites for the period 1950-

1989 from the National Center for Health Statistics. These were combined with

the corresponding population data, collapsed on race (after adjustment), to

produce gender- and age-specific annual mortality rates.

For all years, we extrapolated mortality rates up to age 99 by assuming

that the rate of increase of known mortality rates continued to ages where

mortality rates were unknown. Specifically, the mortality rate at age a (in

year y) was estimated from the rate at ages a− 5 and a− 10 using
ma,y = ma−5,y × (ma−5,y/ma−10,y) (a > a∗).

For 1910-1949, the youngest age a∗ was 90 for whites and 85 for blacks;
for 1950 to 1989, the youngest age a∗ was 95 for both whites and nonwhites.
Combining the two sets of mortality rates, we obtained annual mortality rates

for the period 1910-1989, by sex and age for ages 0 to 99 years.

Walker’s (1982) projections used quinquennial age and date intervals in

defining fundamental quantities because further age or time detail would be

difficult to justify as credible, given the small size of the mesothelioma counts

in the baseline period in SEER data — under 200 cases per year. We accepted

the argument that quinquennial age and date periods were most appropriate

for these data and we developed the estimates and projection equations using

quinquennial time units. Although this is not difficult, it does require careful

consideration of a number of technical issues.

We converted the single year of age and date mortality rates into 5-year

mortality hazards for quinquennial age groups 15-19, 20-24, . . . , 90-94 and

quinquennial calendar periods 1915-1919, 1920-1924, . . . , 1980-1984. For the

population at age a in year y, we defined the 5-year mortality hazard as

5ha,y =
1

2
ma,y +

4X
t=1

ma+t,y+t +
1

2
ma+5,y+5.

This definition reflected the hazard faced by a population of size Na,y defined

at the midpoint of age a and year y, followed to the midpoint of age a+5 and
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year y + 5. Thus, the number of survivors Na+5,y+5 was

Na+5,y+5 = Na,y × 5Sa,y,

where

5Sa,y = exp {−5ha,y} ,
exp {·} is the exponential function, and 5Sa,y is the 5-year survival function.

In defining 5ha,y and 5Sa,y, the left subscripted 5 denotes the number of

time units over which the indicated function (cumulative hazard or survival

probability) applies. If this subscript is deleted, then the function applies to

one time unit, by convention.

We introduced simplified notation that allows us to move between annual

time units and the alternative quinquennial time units: (1) lowercase age,

year, and time indexes and subscripts referred to annual time units; and (2)

uppercase age, year, and time indexes and subscripts referred to quinquennial

time units. For example, to generate quinquennial projections, we defined the

average 5-year hazard for ages A = {a, a + 1, a + 2, a+ 3, a + 4} to A + 1 =
{a+5, a+6, a+7, a+8, a+9} and calendar years Y = {y, y+1, y+2, y+3, y+4}
to Y + 1 = {y + 5, y + 6, y + 7, y + 8, y + 9} as the unweighted average of the
5ha,y functions. Thus,

hA,Y =
1

25

4X
b=0

4X
z=0

5ha+b,y+z.

Furthermore, since 1915-1919 was the first quinquennial calendar period, we

used the designation Y = 1915-1919 and Y = 1, interchangeably, with similar

extensions such as Y = 1985-1989 equivalent to Y = 15. Quinquennial age

groups were treated likewise; for example, A = 15-19 was equivalent to A

= 1, because 15-19 was the youngest age group considered. Thus the above

expression yielded values of hA,Y for A = 0-4, 5-9, . . . , 90-94 and Y = 1915-

1919, 1920-1924, . . . , 1980-1984.

A population of size NA,Y can be defined for the quinquennium (A,Y ). We
adopted the convention that NA,Y is the average number of persons at risk at

each point of calendar period Y . This is consistent with the usual definition of

Na,y as the average number of persons at risk at each point of year y. Hence,

we can express NA,Y as a function of Na,y in one of two ways:

NA,Y ≈
4X

b=0

Na+b,y+2

or

NA,Y ≈
1

5

4X
b=0

4X
z=0

Na+b,y+z.

In working with the quinquennial counts NA,Y , we do not need to make an

explicit choice between these two approximations. However, we do need to
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ensure that we appropriately account for the events in the 5-year interval

between observations of NA,Y and NA+1,Y+1.

For a general population not subjected to asbestos exposure, the quin-

quennial population NA,Y projects to NA+1,Y+1 using

NA+1,Y+1 = NA,Y × SA,Y ,

where SA,Y is the 5-year survival function defined by

SA,Y = exp {−hA,Y } .

To project these values to future years corresponding to Y = 1985-1989,

1990-1994, . . . , 2045-2049, we assumed the hazard rates obey

hA,Y = hA,1980-84 × pTA,

where T is the number of quinquennial periods from 1980-1984 to Y , pA is

the empirical “hazard-projection rate” for quinquennial age A, which was set

equal to the average rate of change in hA,Y over the period 1950-1954 to 1980-

1984, and pTA is the T th power of pA. To help stabilize the results, the changes

for age groups 15-19 through 85-89 were computed with data for 15-year age

intervals using

p6A =
hA−1,1980-84 + 2hA,1980-84 + hA+1,1980-84

hA−1,1950-54 + 2hA,1950-54 + hA+1,1950-54
,

which yields pA as the sixth root of p
6
A.

This procedure was used to project hA,Y for A = 15-19, 20-24, . . . , 90-94
and Y = 1985-1989, 1990-1994, . . . , 2045-1949 (Table 6.2).
This model produced an exponential decrease (constant percentage decline)

in mortality of about 1% per year, depending on age, which was consistent

with the analysis of Lee and Carter (1992) using time series methods. This

level of decrease was also consistent with recent recommendations of the Social

Security Advisory Board (SSA, 1999).

6.5.2 Step 2: National Estimates of Mesothelioma Incidence

Counts

The projection model required estimates of the number of cases of mesothe-

lioma occurring in the United States by quinquennial age groups (15-19, 20-24,

. . . , 90-94, 95-99) and quinquennial calendar periods (1975-1979, 1980-1984,

and 1985-1989) by gender. Such estimates were generated using the computer-

ized data from the National Cancer Institute’s (NCI) Surveillance, Epidemiol-

ogy, and End Results (SEER) program for 1973-1989. SEER sampled cancer

incidence in approximately 10% of the population and represented the best

source of data for estimating the national incidence of mesothelioma. The
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nine SEER sites were San Francisco-Oakland Standard Metropolitan Statis-

tical Area, Connecticut, Metropolitan Detroit, Hawaii, Iowa, New Mexico,

Seattle (Puget Sound), Utah, and Metropolitan Atlanta. The records in the

SEER database included information from death certificates, from hospital

medical records, and from various other sources, including private laborato-

ries, nursing homes, and other health care providers.

The SEER file for 1973-1989 contained records on 1,454,079 primary tu-

mors occurring among 1,307,892 individuals. When more than one primary

site was recorded, all sites were searched so that no mesotheliomas were missed

in tabulating the file.

Associated with the SEER files were population counts, for each geographic

site, by quinquennial age groups (0-4, 5-9, . . . , 80-84, and 85+) and single cal-

endar years, and corresponding population counts for the total United States,

but with age 85+ broken out as 85-89, 90-94, 95-99, and 100+. The SEER

populations at age 85+ were pro rata distributed into the age groups 85-89,

90-94, and 95-99 using U.S. national data, by sex and year, to establish the

relative weights for each subgroup. These modified data were used to gener-

ate estimates of age-specific mesothelioma incidence counts for the total U.S.

population aged 0-99. Because no mesothelioma cases occurred above age 94,

we terminated the calculations using 95-99 as the oldest age group.

These counts were summed within 5-year calendar periods to produce

the quinquennial estimates in Table 6.3. The counts for 1973 and 1974 were

summed and multiplied by 2.5 to represent 1970-1974. Nearly 24% of mesothe-

lioma incidence occurred among females; but only 5.4% of mesothelioma

claims against the Manville Trust were filed by females (see Table 6.4). This

suggested that forecasts of the total societal impact of mesothelioma may be

more difficult to develop than forecasts of the number of claims of mesothe-

lioma disease/injury against the Manville Trust where documented exposure

history may be required. In our analysis, where the goal was to forecast claims,

we focused only on the experience of males. The incidence estimates for males

for 1975-1979, 1980-1984, and 1985-1989 were input into the projection model.

Walker (1982, Task 1a) defined upward and downward adjustments to the

SEER-based estimates, with a net downward adjustment of 2%. We did not

use these adjustments because the claim projection methodology is insensitive

to the adjustments and because the rationale for the net result of −2% was

not compelling (see Section 4.4).

6.5.3 Step 3: Distribution of Age and Date at Start of Asbestos

Exposure for Mesothelioma Incidence Among Manville Trust

Claimants

The Manville Trust maintained data files on the claim settlement process, in

both hard-copy and computer-readable form. An extract from the claims data-

base was prepared on December 2, 1992 that contained data for all claims filed

from November 28, 1988 through November 30, 1992. The extract included



6.5 Data Preparation 175

M
a

le
s

F
e

m
al

e
s

A
g

e
1

9
7

0
-1

9
7

4
19

75
-1

97
9

19
8

0
-1

9
8

4
1

9
8

5-
1

9
8

9
  

  
  

  
T

o
ta

l
1

9
7

0
-1

9
74

19
75

-1
9

79
1

9
8

0
-1

9
8

4
1

98
5

-1
9

89
  

  
  

  
T

o
ta

l

  
0

-4
0

0
0

0
0

0
0

1
0

0
1

0

  
5

-9
0

0
0

0
0

0
0

0
0

0

10
-1

4
0

0
0

0
0

0
0

0
0

0

15
-1

9
0

11
1

1
0

2
2

0
22

0
0

2
2

20
-2

4
3

3
11

2
1

1
1

7
5

0
21

1
1

11
4

2

25
-2

9
2

7
30

0
1

0
6

7
0

30
2

0
10

6
1

30
-3

4
8

5
59

1
0

2
0

1
7

5
0

40
2

0
20

8
0

35
-3

9
9

1
50

6
0

9
1

2
9

3
28

52
0

51
1

3
0

40
-4

4
1

4
0

83
1

0
3

1
9

3
5

1
9

57
42

9
4

92
2

8
4

45
-4

9
2

7
0

34
2

2
8

3
1

9
5

1
,0

9
0

60
95

9
6

1
26

3
7

6

50
-5

4
3

4
7

45
4

4
9

4
3

0
7

1
,6

0
2

1
51

1
37

1
1

8
1

51
5

5
7

55
-5

9
5

5
9

58
1

8
1

2
7

9
7

2
,7

4
9

1
31

2
25

2
2

7
2

41
8

2
4

60
-6

4
5

4
4

74
5

1
,1

5
8

9
9

6
3

,4
4

3
3

48
2

48
3

1
2

2
58

1
,1

6
5

65
-6

9
4

8
8

89
9

1
,3

3
1

1
,8

5
7

4
,5

7
5

2
08

2
84

3
8

4
3

43
1

,2
1

8

70
-7

4
6

3
3

79
9

1
,4

1
1

1
,7

8
0

4
,6

2
2

2
31

1
55

2
8

5
4

28
1

,0
9

9

75
-7

9
4

1
1

60
3

1
,2

4
3

1
,2

4
6

3
,5

0
4

1
29

1
85

2
9

4
3

86
9

9
3

80
-8

4
9

1
29

5
5

5
1

7
8

0
1

,7
1

7
1

49
1

00
2

6
2

2
20

7
3

1

85
-8

9
0

15
1

2
0

8
2

7
6

6
3

5
0

11
8

7
1

10
2

0
7

90
-9

4
0

0
4

4
7

7
1

2
1

29
11

0
55

9
4

95
-9

9
 

0
0

0
0

0
0

0
0

0
0

T
o

ta
l

3
,7

1
8

5
,1

13
7

,7
4

0
8

,6
3

7
2

5
,2

0
7

1
,5

20
1

,6
56

2
,2

2
0

2
,5

00
7

,8
9

6

S
o

ur
ce

: 
 S

ta
lla

rd
 a

n
d

 M
a

n
to

n 
(1

9
93

, 
T

a
b

le
 5

);
 b

as
e

d
 o

n
 S

E
E

R
 d

a
ta

, 
19

73
-1

98
9

.

T
ab

le
 6

.3
: 

 E
st

im
a

te
d

 U
.S

. 
M

es
o

th
el

io
m

a 
In

ci
d

e
n

ce
 C

o
u

n
ts

 b
y 

A
g

e
, 

Q
u

in
q

u
en

n
iu

m
, 

a
n

d
 G

en
d

er
, 

19
70

-1
98

9

Q
u

in
q

u
e

n
ni

u
m

Q
ui

n
q

u
e

n
ni

u
m



176 6 Updated Forecasts Based on Indirect Estimates of Exposure

Table 6.4:  Incidence of Most Severe Disease/Injury by Claim Filing Year  – Qualified 
Claims Against the Manville Trust, 1988-1992

Year of Claim
Most Severe Alleged Disease/Injury 1988 1989 1990 1991 1992 Total

Both Sexes
1. Mesothelioma 1,437 4,555 777 798 683 8,250
2. Lung cancer 2,081 8,013 1,079 1,147 1,038 13,358
3. Colon/rectal cancer 273 978 103 153 145 1,652
4. Other cancer 966 1,837 212 189 129 3,333
5. Asbestosis 17,480 43,846 6,449 8,010 9,366 85,151
6. Disputed asbestosis 4,611 13,425 2,095 2,425 2,686 25,242
7. Pleural plaques/thickening 3,123 19,605 2,717 2,556 2,625 30,626
8. Non-asbestos related disease 2,327 14,142 1,604 3,053 337 21,463
9. Unknown 96 1,382 1,644 254 140 3,516
Total 32,394 107,783 16,680 18,585 17,149 192,591

Males
1. Mesothelioma 1,373 4,300 736 739 639 7,787
2. Lung cancer 2,036 7,812 1,058 1,110 1,013 13,029
3. Colon/rectal cancer 269 944 102 152 143 1,610
4. Other cancer 938 1,789 203 184 124 3,238
5. Asbestosis 16,937 42,473 6,184 7,734 9,086 82,414
6. Disputed asbestosis 4,478 13,038 2,042 2,387 2,662 24,607
7. Pleural plaques/thickening 3,077 19,162 2,659 2,511 2,588 29,997
8. Non-asbestos related disease 2,254 13,800 1,557 3,042 329 20,982
9. Unknown 85 1,175 1,573 237 136 3,206
Total 31,447 104,493 16,114 18,096 16,720 186,870

Females
1. Mesothelioma 60 253 41 59 44 457
2. Lung cancer 41 193 21 37 25 317
3. Colon/rectal cancer 4 34 1 1 2 42
4. Other cancer 22 45 9 5 5 86
5. Asbestosis 435 1,237 259 271 276 2,478
6. Disputed asbestosis 100 337 50 37 24 548
7. Pleural plaques/thickening 39 358 51 43 36 527
8. Non-asbestos related disease 61 268 40 11 8 388
9. Unknown 9 191 70 15 4 289
Total 771 2,916 542 479 424 5,132

Unknown Sex
1. Mesothelioma 4 2 0 0 0 6
2. Lung cancer 4 8 0 0 0 12
3. Colon/rectal cancer 0 0 0 0 0 0
4. Other cancer 6 3 0 0 0 9
5. Asbestosis 108 136 6 5 4 259
6. Disputed asbestosis 33 50 3 1 0 87
7. Pleural plaques/thickening 7 85 7 2 1 102
8. Non-asbestos related disease 12 74 7 0 0 93
9. Unknown 2 16 1 2 0 21
Total 176 374 24 10 5 589

Source: Stallard and Manton (1993, Table 8).
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information from the Proof of Claim (POC) Forms used by the Manville Trust

as well as summary data from the claim settlement process.

The extract consisted of three files. The first contained 206,810 records,

with 1 record per claimant. The second contained 316,110 records, with 1

record for each alleged asbestos-related disease/injury diagnosis due to expo-

sure to asbestos or products containing asbestos manufactured, sold, or dis-

tributed by the Johns-Manville Corporation or related companies. The third

contained 252,100 records with 1 record for each employment-related instance

where the claimant was exposed to Johns-Manville-produced asbestos or as-

bestos products. Each of the three files assigned a unique claim identifier that

allowed all data for a claimant to be linked.

To process these files, we created a workfile in which all data for each

claimant were linked and summarized. Certain decisions were encoded in this

file that affected the analysis.

First, each alleged injury-diagnosis was classified into one of nine cate-

gories:

1. Mesothelioma

2. Lung cancer

3. Colon/rectal cancer

4. Other cancer

5. Asbestosis

6. Disputed asbestosis

7. Pleural plaques and pleural thickening

8. Nonasbestos-related disease

9. Unknown or missing disease/injury

We defined the most severe diagnosis using this hierarchy. Thus, mesothe-

lioma outranked all other injuries and the use of the most severe diagno-

sis misses no cases of mesothelioma. Occurrences of other diseases were not

counted when higher ranked diseases were present for a claimant. All of our

disease-specific estimates were based on the application of this hierarchy to

uniquely assign to each claimant the most severe disease alleged on the POC

Forms.

The most severe disease, as just defined, differs from the definition of a

related data field, “evaluated disease type,” used by the Trust for settled

claims. This field was subject to change based on updated information pro-

vided just prior to or during settlement negotiations and was set to indicate

nonasbestos-related disease for 167,648 claimants in the extract. To evalu-

ate the consistency of the two disease definitions, we tabulated them from

the workfile for settled claims with nonzero settlement amounts (Table 6.1).

There was 93.6% concordance (i.e., 1314 of 1404 claims alleging mesothelioma

were validated by the Trust as mesothelioma) between the two classifications

for mesothelioma.

Certain claims were excluded from further consideration by the Trust.

These were based on the claim status codes for “dead,” deactivated, disqual-
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ified, and void claims. The claim statuses retained were settled, unsettled,

and work-in-progress, representing a total of 192,591 “qualified” claims. The

distribution of the most severe disease/injury by claim year for these persons

is displayed in Table 6.4.

Of the 192,591 personal injury claims analyzed, 186,870 (97.03%) were for

males, 5132 (2.66%) for females, and 589 (0.31%) for unknown gender. This

latter group of 589 was excluded from gender-specific tabulations but was

included in tabulations for “both sexes.”

Figure 6.2 displays claims filings by month from November 28, 1988 to

November 30, 1992. This is the longest period that could be used in calibrating

the projection model. The Trust could not accept claims prior to November

28, 1988. During the period November 1988 to November 1989, a substantial

backlog of claims was filed (i.e., 138,583 claims, of which approximately 17,000

were filed prior to May 1982). Thus, the accumulation of unfiled claims during

the period May 1982 to November 1989 averaged 16,033 claims per year — a

rate that is within 11% of the 17,991 per year average observed for 1990-1992.

From December 1, 1989 to November 30, 1992, although some months

had very high filing rates, there was no temporal trend (Figure 6.3). The

jump in August 1992 and subsequent decline in September to November 1992

reflected effects of a change in the POC Form in that period. Figure 6.3 shows

no observable impact of the judicial stay issued in July and August 1990

that prevented the Trust from making payments except in cases of extreme

hardship. The claim filing process for this period was relatively stable and at

a level consistent with the emergence of new cases of disease.

Figure 6.4 presents corresponding statistics for mesothelioma claims. A

slight downward trend was clearly attributable to the period September to No-

vember 1992. When mesothelioma was expressed as a percent of total claims,

the downward trend was clearer (Figure 6.5), but when the period September

to November 1992 was deleted, the trend disappeared. We assumed that the

claims filing rates in the period 1990-1992 were constant and applied to the

entire period 1990-1994. The lack of trend in Figures 6.2-6.5 was important

to this aspect of the projection model.

Figure 6.6 displays trends in claims filing percentages for three classes

of disease groups: (1) asbestos-related cancers (mesothelioma, lung can-

cer, colon/rectal cancer, and other cancer); (2) asbestos-related noncancers

(asbestosis, disputed asbestosis, and pleural plaques/thickening); and (3)

nonasbestos-related and unknown diseases. As for mesothelioma, class 1

(asbestos-related cancers) showed no temporal trend. On the other hand, there

was a diverging and compensating trend between class 2 (asbestos-related non-

cancers), and class 3 (nonasbestos-related and unknown diseases). From Table

6.4, it was plausible that a significant number of claims had shifted from the

latter category to asbestosis, the main component of asbestos-related non-

cancers. This might reflect increasing awareness among claimants and their

representatives that claims alleging nonasbestos-related or unknown diseases

were less likely to result in compensation than claims alleging an asbestos-
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related disease. In our projections, we assumed that the average claim rates

for 1990-1992 would continue for 1990-1994. To the extent that a shift had

occurred from class 3 to 2, our projections of class 3 should be combined

with class 2. Figures 6.3 and 6.6 together imply that a shift in alleged disease

classes occurred during 1990-1992, but not an increase in the total number of

asbestos claims. This is consistent with Table 6.1, which showed that only 40%

of alleged class 3 diseases were validated as class 3 injuries in the settlement

process.

Table 6.5 presents the distribution of age and date of diagnosis, by gender,

for 8244 claimants with mesothelioma. Age was defined as the difference be-

tween date of diagnosis and date of birth. If date of diagnosis was unknown,

then age was the difference between date of claim filing and date of birth. If

date of birth was unknown, then age was unknown. The date of diagnosis was

defined as the earliest alleged diagnosis date for mesothelioma for the 25% of

mesothelioma claims with more than one mesothelioma diagnosis record.

Of the 7787 males in Table 6.5, 99.0% provided information on employ-

ment-related instances where the claimant was exposed to Johns-Manville-

produced asbestos or asbestos products. Of the 457 females in Table 6.5,

98.2% provided similar information on employment-related exposure. Infor-

mation on nonoccupational exposure to Johns-Manville asbestos or asbestos

products was asked for on the POC Form, but was not released to us. Hence,

all references to asbestos exposure in this analysis are to employment-related

exposures. Nonoccupational exposures may be more important for females

and may explain why females suffer 23.9% of mesothelioma incidence nation-

ally in the SEER estimates (Table 6.3), but file only 5.5% of mesothelioma

claims against the Manville Trust (Table 6.5).

The Trust data for 611 qualified male claims for mesothelioma filed in 1992

indicated that 93.0% of diagnoses occurred in 1989-1992 and 97.7% occurred

in 1984-1992. If the same distribution applied to claims filed in 1993, then

the male diagnosis counts for 1985-1989 would increase by 30 cases (0.9%)

and for 1980-1984 by 9 cases (0.5%). In view of (1) the rapid lethality of

mesothelioma, (2) the fact that these are only alleged cases of disease, not

validated cases, and (3) the statutes of limitation that require timely filing of

claims, it is likely that the diagnosis counts in Table 6.5 are relatively stable

for 1980-1984 and earlier, subject to modest upward revisions for 1985-1989

(less than 1% increase with each new claim year, trending to 0% within, say,

10 years — about a 5% ultimate increase) and subject to substantial revisions

for 1990-1992 (a 62.9% increase is needed just to match the diagnosis rates

for 1985-1989).

The mesothelioma diagnoses for Manville Trust claimants in Table 6.5 are

comparable to the national estimates in Table 6.3 and indicate the relative

frequency of claims among affected persons: for males, 9.5% (487/5113) in

1975-1979, 24.9% in 1980-1984, and 40.0% in 1985-1989; for females, 1.51%

in 1975-1979, 4.60% in 1980-1984, and 9.28% in 1985-1989.



184 6 Updated Forecasts Based on Indirect Estimates of Exposure

F
ig

u
re

 6
.6

: 
 P

er
ce

n
t 

o
f 

T
o

ta
l Q

u
al

if
ie

d
 C

la
im

s,
 b

y 
A

lle
g

ed
 D

is
ea

se
 G

ro
u

p
, F

ile
d

 A
g

ai
n

st
 t

h
e 

M
an

vi
lle

 
T

ru
st

 f
ro

m
 D

ec
em

b
er

 1
98

9 
T

h
ro

u
g

h
 N

o
ve

m
b

er
 1

99
2,

 O
ve

rl
ai

d
 w

it
h

 T
ra

ili
n

g
 1

2-
M

o
n

th
 M

o
vi

n
g

 A
ve

ra
g

es
 

(S
o

u
rc

e:
  A

u
th

o
rs

' C
al

cu
la

ti
o

n
s)

0%

1
0%

2
0%

3
0%

4
0%

5
0%

6
0%

7
0%

8
0%

9
0%

1
0

0%

D
e

c
19

89
F

e
b

19
9

0
A

p
r

1
9

90
Ju

n
19

9
0

A
u

g
19

90
O

ct
19

9
0

D
e

c
19

90
F

eb
19

9
1

A
pr

1
99

1
Ju

n
19

91
A

u
g

19
9

1
O

ct
19

9
1

D
ec

1
99

1
F

e
b

19
92

A
pr

19
92

Ju
n

1
9

92
A

u
g

1
99

2
O

ct
19

92

F
ili

n
g

 M
o

n
th

Percent of Claims

A
sb

es
to

s-
R

e
la

te
d 

N
o

nc
a

nc
er

s 
(A

R
N

)

A
sb

es
to

s-
R

e
la

te
d 

C
a

nc
e

rs
 (

A
R

C
)

N
on

as
be

st
o

s-
R

e
la

te
d 

&
 U

nk
n

ow
n 

(N
R

U
)

A
R

N
 1

2
-M

o
nt

h 
M

o
vi

ng
 A

ve
ra

ge

A
R

C
 1

2
-M

o
nt

h 
M

o
vi

ng
 A

ve
ra

ge

N
R

U
 1

2
-M

o
nt

h 
M

o
vi

ng
 A

ve
ra

ge



6.5 Data Preparation 185

M
a

le
s

F
e

m
a

le
s

A
g

e
<

1
97

5
1

9
7

5
-

1
9

7
9

19
80

-
19

84
19

85
-

19
89

19
90

-
19

92
U

n
kn

o
w

n
T

o
ta

l
<

1
9

7
5

1
9

75
-

1
9

7
9

19
80

-
19

84
1

98
5-

1
9

8
9

1
9

90
-

1
99

2
U

n
kn

ow
n

T
ot

al

  
0

-4
0

0
0

0
0

0
0

0
0

0
0

0
0

0

  
5

-9
0

0
0

0
0

0
0

0
0

0
0

0
0

0

1
0

-1
4

0
0

1
0

0
0

1
0

0
0

0
0

0
0

1
5

-1
9

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2
0

-2
4

0
1

0
1

0
0

2
0

0
1

2
0

0
3

2
5

-2
9

0
2

4
3

1
1

1
1

0
1

1
0

0
0

2

3
0

-3
4

3
7

8
1

2
4

0
3

4
0

1
3

3
1

0
8

3
5

-3
9

1
6

1
4

3
3

8
1

6
3

0
0

5
4

1
0

1
0

4
0

-4
4

8
1

4
4

1
6

6
13

4
1

4
6

0
2

2
9

2
0

1
5

4
5

-4
9

1
7

4
8

9
0

1
2

6
47

6
3

3
4

0
4

6
1

2
7

0
2

9

5
0

-5
4

2
2

5
5

1
8

3
2

2
0

82
17

5
7

9
2

3
9

2
3

3
2

4
2

5
5

-5
9

2
6

10
5

3
2

0
4

0
3

1
62

35
1

,0
5

1
0

6
2

2
2

8
7

1
6

4

6
0

-6
4

1
8

10
9

3
9

2
6

3
7

2
09

79
1

,4
4

4
1

3
1

6
4

6
1

5
1

8
2

6
5

-6
9

1
0

7
8

3
8

1
7

5
6

2
77

87
1

,5
8

9
0

1
2

0
4

8
1

7
4

9
0

7
0

-7
4

4
4

7
3

0
7

6
2

9
2

38
1

02
1

,3
2

7
1

2
9

2
5

1
2

1
5

0

7
5

-7
9

3
1

1
1

3
2

3
7

8
1

52
88

7
6

4
0

2
5

2
1

7
1

3
6

8
0

-8
4

0
4

3
9

1
3

7
64

53
2

9
7

0
0

2
9

5
3

1
9

8
5

-8
9

0
0

9
3

9
17

37
1

0
2

0
0

1
1

1
1

4

9
0

-9
4

0
0

1
4

3
8

1
6

0
0

0
0

0
0

0

9
5

-9
9

0
0

0
0

0
6

6
0

0
0

0
0

1
1

1
0

0+
0

0
0

0
0

0
0

0
0

0
0

0
0

0

U
n

kn
o

w
n

0
0

5
8

2
6

2
1

0
0

0
1

0
1

2

T
o

ta
l

11
2

48
7

1,
9

2
7

3
,4

5
2

1
,2

79
5

30
7

,7
8

7
4

2
5

1
0

2
2

3
2

7
8

1
6

45
7

S
o

u
rc

e
: 

 S
ta

lla
rd

 a
nd

 M
an

to
n

 (
1

9
9

3,
 T

ab
le

 9
).

T
a

b
le

 6
.5

: 
 I

n
c

id
en

ce
 o

f 
M

es
o

th
e

li
o

m
a

 b
y 

A
g

e,
 D

a
te

 o
f 

D
ia

g
n

o
si

s,
 a

n
d

 G
en

d
er

 –
 Q

u
a

li
fi

ed
 C

la
im

s 
A

g
ai

n
s

t 
th

e 
M

an
v

il
le

 T
ru

s
t,

 1
98

8-
19

92

Y
ea

r 
o

f 
D

ia
g

n
o

si
s

Y
e

a
r 

o
f 

D
ia

g
n

o
si

s



186 6 Updated Forecasts Based on Indirect Estimates of Exposure

Because a claim must be filed before a diagnosis is included in Table 6.5, it

is plausible that the relative claim frequency for males ultimately would reach

42.0% for 1985-1989 and 25.5% for 1980-1984. The upper limit of the relative

claim frequency could range from 54% (Walker, 1982) to 75% (McDonald and

McDonald, 1981), based on estimates of the fraction of mesothelioma cases due

to occupational exposure to asbestos. If Walker’s (1982) estimate were correct,

then about 78% of such cases would file a claim against the Manville Trust.

McDonald and McDonald’s (1981) estimate would reduce this estimate to

56%. These estimates can be compared with Johns-Manville asbestos market

share estimates in the range 25-40%, averaging near 30% (Hersch, 1992). The

claim filing rates are two to three times the market share estimates, and this

supports Hersch’s argument that the Manville Trust’s experience serves “as

an effective proxy for industry-wide personal injury liability” (Hersch, 1992,

p. 6).

The female claim filing rate of 9.28% in 1985-1989 implies that about

17.4% of mesothelioma cases among females were due to occupational expo-

sure to asbestos, using a 5% ultimate increase in claims diagnosed in 1985-

1989 and assuming this to be 56% of all mesotheliomas due to occupational

exposure. In other words, of the 2500 female mesothelioma cases diagnosed

in 1985-1989, about 2065 cases were not associated with occupational expo-

sures. Because of the lack of an occupational association and the lack of a

linkage with tobacco usage, it is reasonable to expect a corresponding number

of nonoccupational mesothelioma cases among males. With an estimated total

of 8637 male mesothelioma diagnoses in 1985-1989, these assumptions would

imply that about 6572 (76.1%) cases would be due to occupational exposure

to asbestos. Similar computations indicate that occupational exposures could

have been responsible for 68.5% of male mesothelioma diagnoses in 1975-1979

and 73.7% in 1980-1984. These results are broadly consistent with McDon-

ald’s and McDonald’s (1981) estimate of 75% and substantially higher than

Walker’s (1982) estimate of 54%.

The projection model required the distribution of age at start of asbestos

exposure and date of start of asbestos exposure by gender for persons with

incidence (diagnosis) of mesothelioma in 1975-1979, 1980-1984, or 1985-1989.

These persons corresponded to the claimants in Table 6.5 with known age

and date of diagnosis. Only claimants for whom the date of first exposure

was known were counted. If the date of first exposure fell in the same 5-year

period as the date of diagnosis of mesothelioma, then the claim was deleted

from the exposure tabulation. The diagnosis information was retained, but the

initiation date for start of asbestos exposure was regarded as unreliable. In

the exposure distribution (Table 6.6), age at start of exposure was defined as

the difference between date of first exposure and date of birth. For 1975-1979,

92.2% of males in Table 6.5 were included in the exposure matrix in Table 6.6;

for 1980-1984, 93.7% were included; and for 1985-1989, 93.5% were included.

The exposure matrices for males in Table 6.6 were input into the pro-

jection model under two assumptions. First, we assumed that the relative
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Table 6.7:  Credibility and Event Counts

Probability of Observed Count Falling Within the 
Acceptable Range

Maximum Acceptable Departure 
from the Expected Count 90% 95% 99%

                  Minimum Required Expected Count

+/–2.5% 4,329 6,146 10,616
+/–5.0% 1,082 1,537 2,654
+/–7.5% 481 683 1,180
+/–10% 271 384 663
+/–20% 68 96 166
+/–30% 30 43 74
+/–40% 17 24 41
+/–50% 11 15 27

Source:  Based on Longley-Cook (1962).

distribution of age, date of start of asbestos exposure, and date of diagnosis

of mesothelioma for those claimants missing one or more dates was the same

as for those with all three dates known. Second, we assumed that the relative

distribution of age, date of start of asbestos exposure, and date of diagnosis

of mesothelioma for the national incidence represented in Table 6.3 was the

same as for the subset of the mesothelioma cases who also were claimants

against the Manville Trust.

Because the exposure matrices in Table 6.6 were used to estimate histor-

ical numbers of workers exposed to asbestos, we smoothed these estimates

to remove variability due to the stochasticity of small frequencies. As a first

approximation, the standard errors of the numbers in Table 6.6 are approx-

imately equal to the square roots of the expected counts in each cell. More

precise calculations of probable errors are presented in Table 6.7 (Longley-

Cook, 1962). An expected count of 1082 cases implies that 10% of observed

counts would deviate by more than 5% from the expected count. With an

expected count of 271 cases, 10% of observed counts would deviate by more

than 10% from the expected count. The deviation increases markedly as the

expected count decreases. Because most cell entries in Table 6.6 are below 271,

they have low credibility and would benefit from smoothing (Longley-Cook,

1962).

In smoothing, however, we did not want to move too far from the observed

counts at each age and date. We adopted the following rule: If EY1
A,Y denotes

the entry in Table 6.6 for age group A and calendar period Y for diagnosis in

calendar period Y1, then the “smoothed” estimator was the average of the five

adjacent cells centered at (A,Y ), with double weighting given to cell (A,Y ).
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Hence,

ÊY1
A,Y =

1

6

Ã
1X

B=−1
EY1
A+B,Y +

1X
Z=−1

EY1
A,Y+Z

!
.

For cells on the edges of Table 6.6, we used

ÊY1
A,Y =


1
4

µ
EY1
A,Y +

1P
B=−1

EY1
A+B,Y

¶
for sides

1
4

µ
EY1
A,Y +

1P
Z=−1

EY1
A,Y+Z

¶
for top or bottom.

For corner cells, no smoothing was performed. Hence,

ÊY1
A,Y = EY1

A,Y for corners.

Under this smoothing procedure, the total number of exposed claimants was

closely matched; most of the embedded zero cells (i.e., above the main diago-

nal) were eliminated, and only modest shifts of cases counts over age or time

(no more than ±5 years) occurred.
Once smoothing of Table 6.6 was completed, all exposures initiating in

1975-1979 or later were zeroed out for consistency with step 9.

6.5.4 Step 4: Normalization of Exposure

The projection model assumed that the relative distribution of age, date of

start of asbestos exposure, and date of diagnosis of mesothelioma for the

national incidence data in Table 6.3 was the same as the smoothed distribution

of mesothelioma cases who were claimants against the Manville Trust. The

relative distribution is defined as the fraction of mesothelioma diagnoses in a

baseline period (i.e., 1975-1979, 1980-1984, or 1985-1989) whose exposure to

asbestos initiated at each past age and date. These fractions were obtained

from the smoothed exposure counts based on Table 6.6 by “normalization.”

Specifically, let A1 be any age group in Table 6.3 and Y1 be any baseline

period 1975-1979, 1980-1984, or 1985-1989. Define the sums, MA1,Y1 , from

the smoothed version of Table 6.6 by adding entries from right to left, moving

backward and upward along each diagonal; that is,

MA1,Y1 =
X
T=1

ÊY1
A1−T,Y1−T ,

where the upper limit of T was such that subscripts A1 − T and Y1 − T

are both within Table 6.6. The normalized distribution of exposure was then

obtained by dividing each entry in the smoothed version of Table 6.6 by the

corresponding sum for the diagonal that contains the entry. For example, for

1975-1979, Y1 = 13 and Y = 1, . . . , 12. Hence,

F 1975−79A,Y = Ê1975−79A,Y /MA+(13−Y ),13.
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Similarly,

F1980−84A,Y = Ê1980−84A,Y /MA+(14−Y ),14

and

F 1985−89A,Y = Ê1985−89A,Y /MA+(15−Y ),15.

These definitions ensure that the equality

1 =
X
T=1

FY1
A1−T,Y1−T

is satisfied, where the range of T is the same as above. These computations

are essentially the same as in Walker’s (1982) Task 1e.

6.5.5 Step 5: Intensity of Exposure

The next step was to stratify the national estimates of mesothelioma incidence

counts in Table 6.3 by level of exposure to asbestos. Walker (1982, Task 1b)

concluded that the “best” estimate of the proportion of male mesothelioma

cases with a “definite” or “probable” history of occupational exposure to as-

bestos was 54%, with 20% having “definite” exposure. We defined a three-level

exposure variable with 46% low, 34% medium, and 20% high. The terms low,

medium, and high describe confidence that these persons had a documentable

history of occupational exposure.

It is difficult to evaluate these estimates, or even to know precisely what is

a “documentable” history of asbestos exposure. Walker’s (1982) rationale for

assuming an equivalence between the 20% with definite exposure to asbestos

and the 20% assumed to be heavily exposed is not convincing (see Section

4.4.1b).

It may be that Walker (1982) was distinguishing subgroups who could

provide documentable evidence of injury by products of the Johns-Manville

Corporation or other asbestos companies. In this case, the 54% might be

interpreted as the upper limit of the fraction of male mesothelioma cases

that could provide evidence of the type required in the Manville Trust’s POC

Forms. When we compared Tables 6.3 and 6.5, we saw that the implied fraction

of incident cases filing such claims was 9.5% in 1975-1979, 24.9% in 1980-

1984, and 40.0% in 1985-1989 — all of which were below 54%. Thus, this

interpretation is consistent with the available data, although, as indicated in

step 3, the 75% estimate of McDonald and McDonald (1981) appears more

plausible as an upper limit and is consistent with the lack of occupational

exposure for the majority of female mesothelioma cases.

The issue of which upper-limit estimate, 54% or 75%, is better was not

critical to our model development because we retained all three levels of ex-

posure, as defined by Walker (1982). By contrast, Walker (1982) ignored the

46% with “low exposure” on the basis that any asbestos exposure they might

have had was not documentable.
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6.6 Model Estimation

Steps 6-10 involved manipulation of the input data to yield estimates of the

number of workers exposed to asbestos by age and date of start of exposure,

using IWEs to count these workers. In this section, we describe the manipu-

lations and discuss our assumptions.

6.6.1 Step 6: Stratification of National Estimates of Mesothelioma

Incidence Counts, by Level of Asbestos Exposure

The mesothelioma incidence counts for males in Table 6.3 were multiplica-

tively allocated to the low-, medium-, and high-exposure groups usingWalker’s

(1982) exposure fractions 0.46, 0.34, and 0.20, respectively.

Stratification of the mesothelioma projections by exposure level had no

effect on the final projected values because they were simply summed and

then rescaled in the claim forecasts to reflect the Trust’s experience. However,

Walker (1982, p. 14) cited evidence presented by Selikoff et al. (1979) (see

Table 2.1) that the most heavily exposed workers (i.e., 17,800 asbestos insu-

lation workers in North America) had 37% excess mortality compared with

the general population. More recent data cited by Selikoff and Seidman (1991)

revised this estimate to 43% for the 20-year period January 1, 1967 to Decem-

ber 31, 1986 (the 37% excess was for the first 10 years), and Table 2.1 shows

the excess to have been 49% for the second 10-year period January 1, 1977

to December 31, 1986. The “excess” included deaths due to mesothelioma.

The determination that death was due to mesothelioma was performed twice

using two separate criteria: one based solely on the death certificate, and the

other based on “best evidence.” Under Selikoff’s best-evidence criterion, the

determination was based on review of autopsy, surgical, and clinical material,

including histopathology review and confirmation. Under the death-certificate

criterion, the determination was based only on information recorded on the

death certificate. Selikoff’s best-evidence criterion yielded approximately 2.5

times as many mesothelioma deaths as the death-certificate criterion in this

cohort of insulation workers. When mesothelioma was excluded, the 20-year

excess was 30.1% or 38.1%, depending on the criterion used to assign mesothe-

lioma. The nonmesothelioma excess for the first 10 years was 26.3% or 30.6%

depending on the criterion; for the second 10 years, the corresponding excess

was 33.6% or 45.0%, respectively. The nonmesothelioma excess appeared to

increase with each decade of follow-up.

In view of this, we retained the estimate of 37% excess mortality cited by

Walker (1982), but applied it only to nonmesothelioma causes of death for

the high-exposure group. Nonmesothelioma mortality rates in Table 6.2 were

multiplied by 1.37 to account for this excess, and the high-exposure population

was projected separately from the low- and medium-exposure populations.

Walker (1982) projected the medium and high exposures (54% of cases)

as separate groups that were subject to the same mortality rates. To do this,
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he multiplied his rates for total mortality by 1.14, based on the assumption

that the average excess in the two groups was 14% (Walker 1982, Task 1e);

that is, the excess in the medium group was 0%, the excess in the high group

was 37%, and, therefore,

0.14 =

µ
34

54

¶
× 0.0 +

µ
20

54

¶
× 0.37.

This is mathematically incorrect because it assumes that there is one ac-

tual worker for each IWE in the medium-exposure group. However, Walker

(1982) indicated that there may be 2.6, 5, or 10 workers per IWE in the

medium-exposure group, and these would require additional adjustments to

the weights in the above formula (see Section 4.4.1e). To avoid these problems,

we projected each exposure group separately.

6.6.2 Step 7: Estimation of the IWE Population Exposed to

Asbestos Prior to 1975 by Level of Asbestos Exposure

The next step was to estimate the insulation-worker equivalent number of

persons in the past exposed to asbestos, stratified by level of exposure as

defined in step 6. This was the critical step in model calibration. This exposure

underlies the national incidence of mesothelioma in Table 6.3. Here, we present

the structural relationships between the (unknown) original exposure counts

and the known incidence counts in Table 6.3.

Let A1 be an age group in Table 6.3 and let Y1 be one of the baseline

periods 1975-1979, 1980-1984, or 1985-1989. Let MA1,Y1 be an entry in Table

6.3 denoting the number of cases of mesothelioma diagnosed at age A1 in year

Y1. Let l be the index of exposure level defined in step 6 and let fl = 0.46,

0.34, or 0.20, depending on l. Following step 6, let M l
A1,Y1

= fl ×MA1,Y1

be the number of cases of mesothelioma diagnosed at age A1 in calendar

period Y1, among persons with level l = low, medium, or high exposure.

Let E
Y1,l
A,Y = E

Y1,l
A1−T,Y1−T be the number of persons included in M l

A1,Y1
whose

exposure to asbestos started at age A = A1−T in calendar period Y = Y1−T
at level l = low, medium, or high exposure. This number was estimated as

the product of the normalized factors from step 4, the exposure fractions from

step 5, and the incidence counts from step 2, or

E
Y1,l
A,Y = FY1

A,Y × fl ×MA1,Y1 , where A1 = A+ Y1 − Y.

The sum of E
Y1,l
A,Y along diagonals of the matrix yields M

l
A1,Y1

, so

MA1,Y1 =
X
l

X
T=1

E
Y1,l
A1−T,Y1−T .

As earlier, the upper limit of T is such that subscripts A1−T and Y1−T were
both within Table 6.6. It follows that all persons in E

Y1,l
A,Y were alive in calendar
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period Y1. The normalized exposure fractions, F
Y1
A,Y , were assumed constant

over level of exposure. Walker’s method does not allow these fractions to be

estimated specific to exposure level. This restriction is relaxed in Chapter 8

where exposure fractions were estimated separately for occupational groups

with different average exposure levels.

We now consider estimation of the original number of persons exposed in

calendar period Y , not just the subset who were still alive in Y1.

Let N l
A,Y be the IWE estimate of the number of persons whose exposure

to asbestos started at age A in calendar period Y at level l. Let Q
T,l
A,Y be the

probability that a person included in N l
A,Y was diagnosed with mesothelioma

during the T th quinquennial period following period Y . These assumptions

imply that E
Y1,l
A,Y is obtained from N l

A,Y as

N l
A,Y ×Q

(Y1−Y ),l
A,Y = E

Y1,l
A,Y

or

N l
A,Y ×Q

T,l
A,Y = E

Y+T,l
A,Y .

For T = Y1 − Y, the two equations are the same. We refer to the first

equation as the backward projection equation and to the second equation as

the forward projection equation, or the forecasting equation.

For a single baseline period Y1, the backward projection equation can be

solved for the original IWE exposure counts, yielding

N l
A,Y = E

Y1,l
A,Y /Q

(Y1−Y ),l
A,Y ,

provided that Q
(Y1−Y ),l
A,Y is known. This is the projection calibration equation

proposed by Peto et al. (1981) (see Section 4.2) and used by Walker (1982).

Updating the Walker projection could recognize that Y1 is changed from 1975-

1979 to 1980-1984 or 1985-1989.

For multiple baseline periods 1975-1979, 1980-1984, and 1985-1989, the

following identity is obtained from the backward projection equation:

N l
A,Y ×

15X
Y1=13

Q
(Y1−Y ),l
A,Y =

15X
Y1=13

E
Y1,l
A,Y ,

where the summation on Y1 is for the three baseline periods 13 ≡ 1975-1979,
14 ≡ 1980-1984, and 15 ≡ 1985-1989. Solving this identity for N l

A,Y yields

N l
A,Y =

P15
Y1=13

E
Y1,l
A,YP15

Y1=13
Q
(Y1−Y ),l
A,Y

.

This exemplifies the general form of the exposure calibration equation for

multiple baseline periods.



194 6 Updated Forecasts Based on Indirect Estimates of Exposure

Application of the exposure calibration equation requires that we estimate

Q
T,l
A,Y . This function has two components. First, a person whose exposure

starts at age group A in calendar period Y , at exposure level l, must sur-

vive both mesothelioma incidence and nonmesothelioma causes of death for

T quinquennial periods. We write the T -period survival as

N
T,l
A,Y = N l

A,Y × S
T,l
A,Y ,

where

S
T,l
A,Y = exp

(
−
Ã
T−1X
N=0

hA+N,Y+N

!
× rl −

Z T

0

IN dN

)
where rl = 1, 1, or 1.37 depending on whether l is low, medium, or high

exposure (see step 6), tT = 5T is the time since first exposure (in years), and
IT is the mesothelioma incidence rate at time T in quinquennial time units.

Second, Peto et al. (1982) analyzed data described by Selikoff et al. (1979)

on mortality in insulation workers as a function of elapsed time since first

exposure to asbestos. The determination of mesothelioma deaths was based

on Selikoff’s best-evidence criterion. The model fitted by Peto et al. (1982) was

used by Walker (1982) to express the hazard rate for mesothelioma incidence

in the form of a power, k, of time since first exposure in years; that is

It =
¡
4.37× 10−8¢× t3.2 = btk,

where It is the mesothelioma incidence rate at t. The constants b = 4.37 ×
10−8 and k = 3.2 are parameters of the Weibull function. Converting from

annual to quinquennial time units, we obtain

IT =
¡
3.768× 10−5¢× T 3.2,

with parameter B = b × 54.2 = 3.768 × 10−5, and for the integrated hazard
rate Z T

0

IN dN = B T k+1/(k + 1)

= 8.97× 10−6 T 4.2.

Combining the survival and incidence functions, under the assumption

that the instantaneous diagnosis rate approximates the quinquennial diagnosis

rate, we obtain

Q
T,l
A,Y = S

T,l
A,Y × IT .

The original IWE number of persons exposed is the sum over levels of

exposure of N l
A,Y ; that is,
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NA,Y =
X
l

N l
A,Y

=
X
l

( P15
Y1=13

E
Y1,l
A,YP15

Y1=13
S
(Y1−Y ),l
A,Y × IY1−Y

)
.

Walker (1982) described NA,Y as a measure of IWEs because the esti-

mates were calibrated using mesothelioma incidence among insulation work-

ers. Walker (1982) noted that the actual size of NAY was not critical to the

projections because each estimate, N l
A,Y , is an intermediate quantity that can

be eliminated; for example, the forward projection equation can be revised to

E
Y+T,l
A,Y = E

Y1,l
A,Y ×Q

T,l
A,Y /Q

(Y1−Y ),l
A,Y ,

which shows that only the ratios of the Q’s matter in the projections.

When exposure calibration is based on multiple baseline periods such as

1975-1979, 1980-1984, and 1985-1989, the forward projection equation can be

written as

E
Y+T,l
A,Y = Q

T,l
A,Y ×

P15
Y1=13

E
Y1,l
A,YP15

Y1=13
Q
(Y1−Y ),l
A,Y

,

which shows again that only the ratios of the Q’s matter in the projections.

The IWE exposure estimates cancel out of the forward projection equation.

To gain further insight into the model, we considered the forward projec-

tion equation for a single-period calibration, with the ratio of theQ’s simplified

as follows:

E
Y+T,l
A,Y = E

Y1,l
A,Y ×Q

T,l
A,Y /Q

T1,l
A,Y

= E
Y1,l
A,Y exp

(
−

T−1X
N=T1

hA+N,Y+N × rl −
Z T

T1

IN dN

)
,

where T1 = Y1 − Y . We were interested in evaluating the relative change in

the projection of E
Y+T,l
A,Y induced by a large relative change in B. This allowed

us to assess the potential impact of the use of IWEs as our basic measure of

exposure. Because insulators had relatively high exposures, we were interested

in the maximum impact of reducing B. A 100% reduction in B (yielding

B = 0) results in a relative increase in E
Y+T,l
A,Y by the multiplicative factor,

exp

½
B

k + 1

£
T k+1 − T k+1

1

¤¾
.

To evaluate this function, we assumed T1 = 4 (or t=20) so that the earliest
diagnoses would be at least 20 years after onset of exposure. For T = 6 (or
t=30), the factor is 1.014; for T = 8, the factor is 1.054; for T = 10, the factor
is 1.149. In other words, 30 years into the projection, the maximum increase
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is less than 15%. The following 30 years exhibit large increases, however, with

T = 16 (or t=80) having a multiplier of 2.775. The doubling point occurs at
t = 73 years, or 53 years into the projection. These calculations suggested
that the IWE assumption may induce significant bias in long-range asbestos

projections if a substantial number of claims occur more than 30 years beyond

the baseline period.

The estimates ofNA,Y are presented in Table 6.8, for the combined baseline

periods 1975-1979, 1980-1984, and 1985-1989. Peto et al. noted that their data

showed “no evidence of any change in extent of exposure since 1945” (Peto

et al., 1981, p. 59). However, Table 6.8 shows total IWE exposures of about

75,300 in 1955-1959, 81,100 in 1960-1964, 124,000 in 1965-1969, and 115,800 in

1970-1974. These compare with 104,600 in 1945-1949 and 89,900 in 1950-1954.

The period 1945-1974 can be characterized by declining exposure initiations

through 1955-1959, followed by increases through 1970-1974, contrary to Peto

et al. (1981).

Three types of evidence needed to be considered in evaluating the results

in Table 6.8. First, Selikoff (1981, Table 2-12) estimated the numbers of new

entrants to industries and occupations with asbestos exposures as 4.35 million

in 1950-1959, 4.91 million in 1960-1969, and 5.48 million in 1970-1979 — an

overall increase of 26%. The corresponding IWE estimates from Table 6.8 were

about 165,000, 205,000, and 231,000 — an overall increase of 40%. Although

both sets of estimates implied substantial increases for this period, Selikoff’s

increases were substantially smaller than the IWE increases.

Second, more detailed analysis of Selikoff’s (1981, Table 2-12) estimates

showed that the increases were primarily attributable to two large occupa-

tional groups with relatively low levels of exposure: automobile maintenance

and construction trades. When these two groups were removed from the to-

tals, the estimates were reduced to 1.80 million, 1.76 million, and 1.73 million

for the three decades — reversing the strong upward trend to a modest 4%

decrease for this period. Because these two occupational groups had substan-

tially reduced exposures, the IWE increases implied by Selikoff’s results must

fall somewhere in the range 4-26%, exaggerating the discrepancy noted earlier.

Third, Walker (1982, p. 14) argued that the calibration of exposure in

step 7 breaks down when applied to first exposures less than 20 years prior to

the baseline. In his projection, special consideration had to be given to first

exposures in the period 1955-1974. Walker (1982) used data on the distribution

of age at first employment in an asbestos-related occupation or industry from

a survey by Elrick and Lavidge. Although the results of using these data were

illustrated in Walker’s (1982) report, the details were not provided.

The sensitivity analysis of Walker’s projection in Section 5.4.3 indicated

that the IWE exposure estimates for the youngest cohorts were subject to

significant fluctuations due to stochastic variability of the SEER mesothelioma

counts. Our results in Table 6.8 were based on approximately 15 times more

data (i.e., 1975-1989 vs. 1977), which improved the calibration for the younger

cohorts, but still did not completely eliminate the fluctuations. For example,
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the youngest cohort, aged 15-19 in 1970-1974, yielded 18,310 IWEs, based

on just 3 mesothelioma diagnoses in the SEER data (30.79 cases in Table

6.3). The third cohort, aged 15-19 in 1960-1964, yielded 59,411 IWEs over the

3 periods 1960-1964, 1965-1969, and 1970-1974, based on 31 mesothelioma

diagnoses in the SEER data (312.46 cases in Table 6.3). The intermediate

cohort, aged 15-19 in 1965-1969, yielded 40,998 IWEs over the periods 1965-

1969 and 1970-1974, based on 13 mesothelioma diagnoses in the SEER data

(130.58 cases in Table 6.3). In evaluating the age patterns of IWEs in Table

6.8, we saw that the IWEs for younger cohorts had low credibility because of

the small number of SEER cases underlying each computation.

Taken together, the above considerations supported some modifications to

Table 6.8 in the period 1955-1974, but did not indicate the precise form that

these modifications should take. To deal with this, we developed a three-step

approach (steps 8-10) that continued to reproduce the aggregate mesothelioma

counts in the baseline period 1975-1989 while sacrificing some of the age detail.

6.6.3 Step 8: Adjustments to Exposure During 1955-1974, by

Level of Asbestos Exposure

In step 8, we introduced the assumption that the absolute number and the

age distribution of new exposures of IWEs over the period 1955-1974 were

unchanged from their values in 1945-1954. To do this, we replaced the IWE

exposed population counts from step 7 for the periods 1955-1959, 1960-1964,

1965-1969, and 1970-1974 with the age-specific average counts for 1945-1949

and 1950-1954. This was done separately by level of asbestos exposure. This

adjustment had only a minor effect on the estimated total number of exposed

IWEs (−1.8%, 1955-1974). However, for the later periods, it provided a much
smoother progression of counts over adjacent age groups and calendar periods

— especially for the youngest three cohorts whose IWE estimates appeared to

be substantially higher than for older cohorts at the same ages and, at the

same time, were subject to concerns about their credibility.

6.6.4 Step 9: Adjustments to Reflect Improvements in the

Workplace During 1960-1974, by Level of Asbestos Exposure

Walker (1982, p. 15) indicated that significant reductions in the amounts of

ambient asbestos faced by workers in asbestos-using industries probably had

begun by 1965, and by 1975 the exposures had been essentially eliminated.

To reflect these trends, we used Walker’s (1982) discount factors of 10% for

1960-1964; 50% for 1965-1969; 75% for 1970-1974; and 100% for 1975 and

later.

To account for these reductions in the projection model, we could have

assumed that the hazard rate for mesothelioma incidence was reduced pro-

portionally, so that b or B was 10% smaller for exposures that initiated in

1960-1964, 50% smaller for 1965-1969, 75% smaller for 1970-1974, and 100%
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smaller thereafter (yielding B = 0). Alternatively, Walker (1982) assumed
that one could keep b or B at fixed levels but have the number of workers ex-

posed reduced proportionally, so that the estimated IWE number of workers

with first exposure to asbestos in 1965-1969 was 50% smaller than estimated

in step 8. Walker (1982) argued, that because the estimates were not actual

counts of people but were insulation-worker equivalents, reducing their value

by, say, 50% in the second method was equivalent to reducing b or B by 50%

in the first method, but keeping the count of workers fixed.

Walker’s (1982) argument that the two methods give the same result is

not correct. The first method implies a reduction in B by an amount, say, ∆B

and, as discussed in step 7, this will increase the projection of E
Y+T,l
A,Y by a

time-dependent multiplicative factor

exp

½
∆B

k + 1

£
T k+1 − TK+1

1

¤¾
,

which for T1 = 4 and ∆B = 0.5B could be as large as 7.2% after 50 years, and
66.6% after 80 years. In contrast, the second method reduces the projection

of E
Y+T,l
A,Y by a fixed time-independent multiplicative factor. The projected

mesothelioma incidence counts under the two methods would agree for the

initial calibration period but would gradually diverge during the later years

of the projection period.

Some narrowing of the divergence would occur under a hybrid model that

recognized reductions in both the numbers of exposed workers and the levels of

exposure. Given the uncertainties involved in specifying such a model, in step

9, we implemented the second method, multiplying each of the period-specific

estimates from step 8 by the fractions 0.9 for 1960-1964, 0.5 for 1965-1969,

and 0.25 for 1970-1974. This maintained comparability with Walker’s (1982)

method while allowing additional adjustments in step 10 to ensure that the

aggregate mesothelioma counts in the calibration period were reproduced.

6.6.5 Step 10: Renormalization by Level of Asbestos Exposure

Step 9 yielded the number of IWEs exposed in the past to asbestos by age at

first exposure and calendar period of first exposure. Estimates for 1915-1954

were obtained from step 7; estimates for 1955-1974 reflected adjustments in

steps 8 and 9. An unwanted effect of these two adjustments was that the

forward projection equation for 1975-1979, 1980-1984, and 1985-1989 no longer

reproduced the incidence of mesothelioma cases in Table 6.3. An additional

adjustment was required to accomplish this.

Let bN l
A,Y be the step 9 estimate of the number of IWEs whose exposure to

asbestos started at age group A in calendar period Y at exposure level l. Prior

to 1955, this is just N l
A,Y from step 7. For 1955-1974,

bN l
A,Y reflects computa-

tions in steps 8 and 9. Let bEY1,l
A,Y be the number of mesothelioma diagnoses in

calendar period Y1 arising from bN l
A,Y . Under the forward projection equation,
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bEY1,l
A,Y =

bN l
A,Y ×Q

(Y1−Y ),l
A,Y .

These incidence counts were summed as in step 7 to define cM l
A1,Y1

:

cM l
A1,Y1

=
X
T=1

bEY1,l
A1−T,Y1−T .

Thus, cM l
A1,Y1

was the total predicted number of mesothelioma diagnoses

at age group A1 in baseline period Y1, based on the exposure counts at step 9,

stratified by level of asbestos exposure. As noted, we anticipated that cM l
A1,Y1

would underestimate M l
A1,Y1

, the incident counts obtained from Table 6.3 by

allocating the level of asbestos exposure. Hence, we defined a renormalization

Rl
A1
=

P2
T=0M

l
A1+T,13+TP2

T=0
cM l
A1+T,13+T

,

where Y1 = 13 corresponds to 1975-1979. To apply this factor, we defined our

final estimate of N l
A,Y as eN l

A,Y = bN l
A,Y ×Rl

A+13−Y .

The results are in Table 6.9, summed over the level of asbestos exposure.

Comparison of Tables 6.9 and 6.8 shows the overall impact of steps 8-

10. As expected, the main changes occurred in 1955-1974, with increases of

20.6% and 13.0% in 1955-1959 and 1960-1964, respectively, and decreases of

44.1% and 54.1% in 1965-1969 and 1970-1974, respectively. The IWE esti-

mates in Table 6.9 at ages 15-19 and 20-24 during 1960-1974 appeared high

in comparison with older ages and earlier calendar periods. Neither age group

appeared to benefit from the workplace improvements implemented in step

9. This suggested that step 10 effectively nullified the impact of step 9 for

these age groups. This is an issue of obvious concern that will be addressed

in Chapter 7.

6.7 Model Projection

Steps 11 and 12 were the model projection steps. Step 11 used the T -period

survival function defined in step 7 to project the at-risk population from the

age and date of initial exposure to the projection periods 1990-1994, 1995-

1999, . . . , 2045-2049. This step constituted the first-stage calibration of the

two-stage projection model.

Step 12 used the forward projection equation defined in step 7 to project

mesothelioma diagnoses throughout the period 1990-2049. This section presents

both projection methods and compares the results with Walker’s and Selikoff’s

projections.
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6.7.1 Step 11: Forward Projection of the At-Risk IWE Population

by Level of Asbestos Exposure

This step used the T -period survival equation defined in step 7:

N
T,l
A,Y = N l

A,Y × S
T,l
A,Y ,

where the estimates of N l
A,Y were obtained from step 10. For a fixed period

Y , we rewrote the age indexes to refer to attained age in period Y :

N
T,l
A−T,Y−T = N l

A−T,Y−T × S
T,l
A−T,Y−T .

Summing over levels of exposure and introducing new notation, we obtained

the total surviving number of IWEs:

PT
A,Y = NT

A−T,Y−T =
X
l=1

N
T,l
A−T,Y−T .

The results of this equation (Table 6.10) estimated that there were 361,505

IWEs alive in 1990-1994 and at risk of mesothelioma. The estimated total

number of IWEs ever exposed to asbestos was 866,403 (Table 6.9), so that

Table 6.10 implies that 41.7% were still alive in 1990-1994.

The IWEs were stratified by TSFE and attained age. The TSFE with

the largest number of IWEs was 30 years (T = 6) with 67,138 IWEs, which
represented 73.3% of the 91,592 IWEs initially exposed in 1960-1964 (Table

6.9). The attained age with the largest number of IWEs is 60-64 with 50,386.

Selikoff (1981, Table 2-18) estimated that during 1940-1979, 18.8 million

workers had exposures to asbestos equivalent to 2+ months of insulation work,

with about 17.7 million initiating exposure during 1940-1979. This contrasts

with our estimate of 679,967 IWEs (3.84%) for the same period (Table 6.9),

with 344,240 (50.6%) surviving to 1990-1994. Selikoff’s estimates of actual

workers are about 26 times larger than our estimates of IWEs. This ratio drops

to about 13 to 1 if we exclude automobile maintenance and construction trades

from Selikoff’s totals. This is above the upper estimate of 10 to 1 suggested

by Walker (1982).

6.7.2 Step 12: Forward Projection of Mesothelioma Incidence by

Level of Asbestos Exposure

Let N l
A,Y be the estimate from step 10 of the number of IWEs whose exposure

to asbestos started at age group A in calendar period Y at exposure level l. Let

E
Y+T,l
A,Y be the expected number of mesothelioma diagnoses in calendar period

Y + T arising from N l
A,Y . Under the forward projection equation defined in

step 7,

E
Y+T,l
A,Y = N l

A,Y ×Q
T,l
A,Y .
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These cases were projected to occur in calendar period Y +T at attained age

A+ T . They were summed to obtain MA,Y :

MA,Y =
X
l

X
T=1

E
Y,l
A−T,Y−T ,

where A is attained age in calendar period Y , where Y indexes all quinquennia

in the range 1970-1974, . . . , 2045-2049.

The projected national incidence counts of mesothelioma diagnoses among

males in the United States, by age and calendar period, are in Table 6.11 for

1990-2049. Also presented are model-based estimates for 1970-1989. These

may be compared with estimates in Table 6.3 for 1970-1989 from SEER data.

The results are summarized in Table 6.12.

For 1975-1979, the SEER estimate was 5112; the baseline model estimate

was 5941 (+16.2%). For 1980-1984, the SEER estimate was 7740 cases; the

baseline model estimate was 7218 (−6.7%). For 1985-1989, the SEER esti-

mate was 8637; the baseline model estimate was 8267 (−4.3%). The SEER
mesothelioma counts rose more rapidly than predicted, suggesting that there

are factors other than age and TSFE that are not fully accounted for by

the baseline model. Given that the projected mesothelioma counts in Table

6.11 peaked at 9206 in 1995-1999 (11.1% higher than predicted in 1985-1989),

we expected that the SEER counts would also peak at or near the 1995-

1999 period, but at a higher level than predicted by the baseline model. This

discrepancy would have been an issue of concern if our primary goal were to

forecast the SEER data. It was of less concern in our task of forecasting claims

against the Trust because any single multiplicative adjustment developed to

raise the estimates of the at-risk population in step 11 to better match the

SEER mesothelioma counts in 1985-1989 or later would cancel out in step 2

of the second-stage calibration (Section 6.8).

The baseline model did not fully capture the rising trend in diagnosed

mesothelioma incidence. Such a trend might have been a result of (a) increas-

ing awareness of mesothelioma among physicians, (b) a real rise in incidence,

or (c) statistical fluctuation. Nonetheless, the baseline model predicted 5-year

counts within about ±10%. For the 15-year period 1975-1989, the SEER es-
timate was 21,489; the baseline model estimate was 21,426 (−0.3%) — with
the discrepancy due to 63 cases reaching ages 15-19 after 1970-1974 in Table

6.3, an age group not in the projections. In this case, the baseline model was

calibrated to reproduce almost exactly the occurrence of over 21,400 cases of

mesothelioma among males aged 20-94 years in the 15-year period 1975-1989.

Also included in Table 6.12 areWalker’s (1982) and Selikoff’s (1981) mesothe-

lioma projections. Walker presented additional estimates assuming a 15-year

latency period, during which no incidence of mesothelioma could occur. For

1985-1989, this model projected 3900 cases (+11.43%) compared to 3500 un-

der his no-latency assumption. Both models substantially underpredicted the

SEER 1985-1989 estimate of 8637 cases. Selikoff’s 1985-1989 estimate of 11,990

cases substantially overpredicted the SEER estimate of 8637 cases. The 4.3%
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Table 6.12:  Alternative Estimates of U.S. Mesothelioma Incidence Counts,
Males 1970-1989

Date of Diagnosis/Death
Estimate/Projection Type 1970-1974 1975-1979 1980-1984 1985-1989

SEER Table 6.3 3,718 5,112 7,740 8,637

First-stage baseline Table 6.11 4,608 5,941 7,218 8,267

Walker (1982) No latency — 2,630 3,200 3,500
15-Year latency — 2,630 3,400 3,900

Selikoff (1981)1 No latency 5,410 7,125 8,875 11,990

Note 1:  Selikoff's (1981) estimates include a small but unspecified number of females. 

Source:  Stallard and Manton (1993, Table 17).

underprediction of the baseline model compares favorably with the 59.5% un-

derprediction of Walker’s no-latency model and the 38.8% overprediction of

Selikoff’s model.

Table 6.11 presents the projected number of incident cases of mesothelioma

for each quinquennium. Table 6.13 compares these values with projections by

Walker (1982, Table 10) and Selikoff (1981, Table 2-23).

Two projections were presented by Walker (1982). For 1990-1994, Walker

projected 3600 and 4200 cases of mesothelioma. Both substantially under-

predicted (−59.8% and −53.1%) the baseline model’s 8948 cases. For 1990-
2009, Walker projected 12,000 and 14,200 cases of mesothelioma. Again, both

substantially underpredicted (−66.5% and −60.3%) the first-stage baseline
model’s 35,769 cases. Two adjustments can be made to Walker’s projections

to resolve these discrepancies. First, both of Walker’s projections can be in-

creased by the factor 100/54 = 1.852, because Walker’s results were only

for the 54% documentably exposed workers, not for all incidence of mesothe-

lioma (see step 6). With this adjustment, Walker’s no-latency projection more

closely matches that of our baseline model. For 1990-1994 and 1990-2009, both

of Walker’s adjusted projected totals are still below our baseline projection.

However, Walker excluded persons aged 80 and over from his projections. To

be comparable, we present results for the baseline model with such persons

excluded. In addition, Cohen et al. (1984) attempted to replicate Walker’s pro-

jections using the same methods and data sources (see Section 5.3). Cohen’s

analysis resulted in upward revisions of 18.2% in the no-latency model and

9.8% in the 15-year latency model. The revised no-latency model is virtually

identical to our baseline model for age 15-79 for the period 1990-2009 (i.e.,
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Males 1990-2049

Date of Diagnosis/Death
Estimate/Projection Type 1990-1994 1990-2009 1990-2029 1990-2049

First-stage baseline Table 6.11 8,948 35,769 60,791 67,856
Table 6.11, Age 15-79 7,196 26,272 41,276 42,011

Walker (1982) No latency 3,600 12,000 — —
185.2% 6,667 22,223 — —
Revised2 — 26,264 — —

Walker (1982) 15-Year latency 4,200 14,200 — —
185.2% 7,778 26,296 — —

Revised2 — 28,864 — —

Selikoff (1981)1 No latency 13,740 58,880 94,655 —
94.5% 12,984 55,642 89,449 —
74.7% 10,264 43,983 70,707 —
65.1% 8,948 38,345 61,643 —

Note 1:  Selikoff's (1981) estimates include a small but unspecified number of females. 
Note 2:  Based on Cohen et al. (1984, p.19); reflects revision of Walker's (1982) 1980-2009
       projections from 18,700 to 22,100 (no latency) and from 21,500 to 23,600 (15-year latency).

Source:  Stallard and Manton (1993, Table 18).

Table 6.13:  Alternative Estimates of U.S. Mesothelioma Incidence Counts,

26,264 vs. 26,272 cases). Thus, our model is fully consistent with the method

proposed by Walker. The results show that a sizable number of mesothelioma

cases will occur above age 80 (i.e., 38.1% of all cases 1990-2049).

Selikoff’s (1981) projection is presented as reported and as modified to

reflect three adjustments. The original projection for 1990-1994 was 13,740

cases, 53.6% higher than our baseline projection. Accepting at face value the

SEER estimates for 1980-1984 and 1985-1989 in Table 6.12, this estimate

appears highly implausible. There could be several reasons for this result.

Selikoff’s projection included women; the number is “small” but unknown.

Therefore, we made two adjustments to his projections: one assuming that

5.5% of his total were women (94.5% male) and the second that 25.3% were

women (74.7% male). These percentages correspond to (1) the number of fe-

male claimants against the Manville Trust with mesothelioma diagnoses (Ta-

ble 6.5) and (2) the number of female cases of mesothelioma in the 1985-1989

national estimates from SEER (Table 6.3). Neither adjustment brought Se-

likoff’s projection near the baseline model.

A third adjustment introduced a scale factor (0.651) to Selikoff’s 1990-

1994 projection to exactly match our baseline model. This almost completely
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eliminated the overall difference for the period 1990-2029: Selikoff’s adjusted

projection was 1.4% higher than the baseline projection. However, some differ-

ences were manifest early in the period: Selikoff’s adjusted projection for 1990-

2009 was 7.2% higher. The adjustment suggested that the relative changes in

both sets of projections over the period 1990-2029 were in general agreement,

even though absolute levels differed.

The conclusion to be reached from these comparisons is that the gen-

eral time course of the incidence of mesothelioma in both Walker’s and Se-

likoff’s projections was similar to that of our first-stage baseline model. The

differences in the absolute levels of projected cases were large and only the

first-stage baseline model was calibrated to match the levels observed in any

version of the SEER data. The relatively good agreement on the time course

of the various projections gave us confidence that the modest discrepancies

between the baseline model and the SEER data over the period 1975-1989

were not a source of significant bias in our claim projections. However, the

use of Walker’s (1982) or Selikoff’s (1981) unadjusted projections to estimate

absolute levels of mesothelioma incidence could not be recommended.

6.8 Nonparametric Hazard Modeling of Claim Filing

Rates: CHR Model

The second-stage model used the Trust’s claim experience for 1990-1994 to

project the number and timing of claims for 1990-2049 in three steps. Step 1

was the data preparation step in which claims against the Trust were tabulated

by attained age, time since first exposure, and type of disease/injury. Step 2

was the estimation of the claim filing rates by attained age and TSFE. The

numerators of these rates were the estimated numbers of claims for each of

nine disease/injuries during 1990-1994 from step 1. The denominators of these

rates were the IWE survival estimates developed in the first-stage calibration

(Table 6.10). Step 3 was the claim projection step in which the claim hazard

rates were multiplied by the IWE survival distributions based on Table 6.10.

6.8.1 Step 1: Distribution of 1990-1994 Claims by Attained Age,

TSFE, and Disease/Injury

The characteristics of the claim data maintained by the Manville Trust were

described in Sections 6.2 and 6.5 (step 3). Each qualified claim was assigned to

one of nine categories based on the selection of the most severe disease/injury

alleged on the Proof of Claim (POC) Form submitted to the Trust. For each

category, the claims were tabulated by attained age and TSFE as of the date

each claim was filed with the Trust.

We had to decide which months of data to include in the tabulations for

this step. Figure 6.2 showed that the period from November 1988 to November

1989 was distinctively different from the following periods. This was the first



6.8 Nonparametric Hazard Modeling of Claim Filing Rates: CHR Model 209

year of operation of the Trust and there were requirements that backlogged

claims be filed within the first 12 months. The only other detectable shift

in Figure 6.2 was the dropoff in September 1992 when the POC Form was

revised. To retain the maximum number of months in our analysis, we tabu-

lated all claims in the period January 1990 to November 1992 and used these

tabulations to impute the number of claims in the period December 1992 to

December 1994. The result was an estimate of the total number of claims for

the period 1990-1994 by age and TSFE, for each of the nine disease/injuries.

The estimates for the 60-month period were obtained by multiplying the 35-

month count for each combination of age and TSFE by the ratio 60/35. The

marginal distribution of claims by age and disease/injury is shown in Table

6.14.

6.8.2 Step 2: Estimation of Claim Hazard Rates by Attained Age,

TSFE, and Disease/Injury

This step employed a nonparametric hazard model to calibrate a separate

nonparametric hazard for each of the nine categories of disease used by the

Manville Trust in classifying claims. The age-specific claim data in Table 6.14

were stratified by TSFE and matched with the corresponding projected IWE

number of survivors in Table 6.10 to generate estimates of the claim hazard

rates (CHRs) for 1990-1994. The hazard rates in future years were assumed to

be constant for each combination of age and TSFE. Because the distribution

of TSFE will shift upward in future years (i.e., assuming no new exposures

after 1974), this assumption specified one potential mechanism through which

cohort effects could operate. By stratifying on both age and TSFE, we avoided

assuming either equality or proportionality of the underlying claim hazard

rates over age.

Let, PT
A,Y represent the number of IWEs alive at age group A in period Y

whose TSFE is T . The PT
A,1990−94 were presented in Table 6.10.

Let the corresponding claim counts be denoted by C
T,d
A,Y for age group

A,Y = 1990-1994, T = TSFE, and disease d. Two problems were that (1) a

large number of cases had unknown TSFE (3-4% for asbestos-related diseases;

17% for disputed asbestosis; 28% for nonasbestos-related diseases; and 80%

for unknown disease) and (2) some known TSFEs fell in cells for which there

was zero exposure in Table 6.10. Our solution to this was to (1) include the

second group with the first (i.e., regarding their TSFE as unknown) and (2)

allocate the unknown TSFE pro rata among the known TSFE. This preserved

the age-specific claim totals which are presented in Table 6.14. Less serious

was that about 0.32% of Trust cases had unknown age; these were deleted. In

addition, about 0.95% of cases had a reported age below 35 years and were

not included in the at-risk population in Table 6.10; these also were deleted.

The CHRs for each disease were obtained as ratios of the claim count to

the population at risk:
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H
T,d
A,Y2

= C
T,d
A,Y2

/PT
A,Y2

where Y2 = 1990-1994.

These were quinquennial rates based on 35 months of observed claim filings.

The variances can be approximated by a Poisson process with expected num-

ber of claims proportional to PT
A,Y2

:

var
h
H

T,d
A,Y2

i
≈ H

T,d
A,Y2

PT
A,Y2

×
µ
60

35

¶
,

conditional on PT
A,Y2

, which is the number of exposed persons alive T quin-

quennial periods after the start of exposure. The final multiplier (60/35) has

an exponent of 1, not 2, because a second appearance of that multiplier was

absorbed into the numerator of the hazard rate, H
T,d
A,Y2

, in inflating the claim

counts from 35 to 60 months.

The filing of a claim may occur before or after the time of death, so a more

appropriate definition of the claim hazard rate would take full account of the

endpoints in Figure 6.1. We used the surviving exposed population, PT
A,Y2

,

to approximate the at-risk population because stratification on both age and

TSFE allowed any systematic errors to be absorbed into H
T,d
A,Y2

.

The CHRs are additive over disease/injuries. Table 6.15 presents the CHRs

for all claims (i.e., summed over the index d). The row and column totals refer

to the marginal CHRs by TSFE and age, and the overall total refers to the

overall average claim filing rate. The overall rate was 23.9%. The age-specific

rates were unimodal with a peak of 36.2% at age 65-69. The TSFE-specific

rates were bimodal with peaks of 40.2% at 45 years and 37.3% at 65 years.

When the CHRs were stratified according to cancer and noncancer claims,

both types of claim rates peaked at age 65-69. The overall cancer claim rate

was 2.9% and the rate rose fairly consistently over TSFE, with a peak at 70

years. The overall noncancer claim rate was 20.9%, and this represented 87.7%

of all claims.

The cancer CHRs fell into four disease categories. The overall mesothe-

lioma claim rate was 1.0% and the rates peaked at age 70-74. The rates in-

creased monotonically with TSFE up to 50 years, with a secondary increase

beginning at 65 years. The overall lung cancer claim rate was 1.5%, the age

peak occurred at 65-69, and the TSFE pattern was similar to mesothelioma

up to 60 years.

The CHRs for colon/rectal and other cancers jointly accounted for 0.4%

of all claims and followed the cancer pattern with an age peak at 65-69 years,

increasing monotonically with TSFE through 50 years.

The noncancer CHRs included two asbestosis categories. The first category

(undisputed asbestosis) accounted for about 10.8% of claims; the second (dis-

puted asbestosis) accounted for 3.3%. The age peak occurred at 65-69 years.

The TSFE rates peaked at 45 years and 40 years, respectively, but there was

not any clear trend thereafter.

The overall rate for pleural plaques and thickening was 3.7%; the peak age

was 65-69 years; and the peak TSFE was 40 years.
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Table 6.16:  Projected Number of Qualified Male Claims Against the Manville Trust by Most 
Severe Alleged Disease/Injury and Summarized Dates of Claim, 1990-2049 – Baseline CHR 

Model

Date of Claim

Most Severe Alleged Disease/Injury 1990-1994 1990-2009 1990-2029 1990-2049

1. Mesothelioma 3,607 14,139 22,871 24,343
2. Lung cancer 5,444 20,301 31,869 33,545
3. Colon/rectal cancer 681 2,638 4,174 4,282
4. Other cancer 864 3,276 5,409 5,794
5. Asbestosis 39,200 133,280 190,339 195,782
6. Disputed asbestosis 12,014 42,293 59,527 60,987
7. Pleural plaques/thickening 13,217 46,098 64,631 66,392
8. Nonasbestos-related disease 8,171 26,633 38,587 39,830
9. Unknown 3,051 9,836 14,219 14,797

Total 86,248 298,495 431,626 445,751

Cancer (1-4) 10,596 40,355 64,323 67,964
Noncancer (5-9) 75,653 258,140 367,303 377,787
Asbestos-related noncancer (5-7) 64,431 221,671 314,497 323,161
Nonasbestos-related & unknown (8-9) 11,222 36,469 52,806 54,626

Source:  Authors' calculations.

Nonasbestos-related and unknown disease categories jointly account for

3.1% of claims. Nonasbestos-related disease rates peaked at age 65-69; un-

known disease rates peaked at age 95-99 but the age curve was basically

flat, as was the TSFE curve. The TSFE rates for nonasbestos-related disease

peaked at 45 years.

6.8.3 Step 3: Claim Projections

The projected claim counts for 1990-1994, 1990-2009, 1990-2029, and 1990-

2049 based on the disease-specific CHRs are summarized in Table 6.16. The

detailed projections by quinquennia for 1990-2049 are provided in Table 6.17.

The claim total for 1990-1994 was 99.05% of the total in Table 6.14. The

difference of 0.95% was due to deletion of claims below age 35 in the CHR

calibration. Accounting for the 0.32% unknown ages would make the total in

Table 6.16 equal to 98.73% of the true total for males.

For mesothelioma, the total projected claim count for males was 24,343

for 1990-2049. For all diseases, the total projected claim count for males was

445,751 for 1990-2049.

With Cohen et al.’s (1984) adjustments, Walker’s (1982) estimates of

mesothelioma incidence were close to our estimates for 1990-2009 (see Ta-
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ble 6.13). For lung cancer, Walker (1982) developed a disease-specific projec-

tion model that can be compared with our claims estimates in Table 6.16.

For 1990-1994, we projected 5444 claims; he projected 10,200 cases (+87.4%;

Table 4.3). For 1990-2009, we projected 20,301 claims; he projected 23,720

(+16.8%). Comparison of Tables 4.3 and 6.17 shows that the timing of cases

was dramatically different.

Selikoff (1981) projected excess deaths due to asbestos-related lung cancer

(Table 3.3). For 1990-1994, he projected 27,485 deaths (+404.9%). Neither

Walker nor Selikoff was close to the 5444 lung cancer claims that we estimated

were filed over 1990-1994.

Walker (1982, Task 4d) developed a disease-specific claim projection model

for asbestosis. For 1990-1994, we projected 39,200 claims; he projected from

2800 (−92.9%) to 4500 (−88.5%) lawsuits from asbestosis injury (Table 4.5).

For 1990-2009, we projected 133,280 asbestosis claims; he projected 4000-7200

lawsuits for the same period. Given the observed number of 22,944 claims from

January 1, 1990 to November 30, 1992 in the Trust extract file, it was obvious

that Walker’s asbestosis projections were at least one order of magnitude too

low.

Comparison of Tables 6.13 and 6.16 shows that the projected mesothelioma

claims represented 40.3% of mesothelioma diagnoses in 1990-1994, 39.5% in

1990-2009, 34.9% in 2010-2029, and 20.8% in 2030-2049. The decline in later

years reflects different patterns of increase for the Weibull versus the nonpara-

metric claim hazard rates as functions of TSFE. The Weibull increased as the

3.2 power of TSFE, whereas the nonparametric CHRs peaked at 50 years and

then declined temporarily before starting a second increase at 65 years.

The top panel of Table 6.18 displays the projected claims 1990-2049 by

attained age and date of filing; the bottom panel displays the same data by

cohort, based on each claimant’s age in 1990-1994. The age peak occurred

at 65-69 years with 22.3% of all projected claims. The age range 60-74 years

contained 52.9% of all projected claims. The bottom panel shows that the

cohort with the highest number of projected claims was aged 45-49 years in

1990-1994, followed by the cohort aged 40-44. These patterns are consistent

with the exposure estimates for these two cohorts in Table 6.9 (i.e., workers

aged 15-19 in 1960-1964 and 1965-1969).

Chapter 7 presents sensitivity analyses for these projections. Section 7.13

presents our conclusions.



7

Uncertainty in Updated Forecasts

7.1 Introduction

The Rule 706 Panel conducted sensitivity analyses of the updated claim haz-

ard rate (CHR) model (Stallard and Manton, 1993). Selected results will be

presented, discussed, and used to evaluate the range of uncertainty of the

model.

We selected for sensitivity analyses the characteristics of the model that

we felt were most likely to be influential on the projections. We refer to the

projection in Tables 6.16-6.18 as the baseline projection and we address the

issue of how different that projection could be under some plausible modifica-

tions of the model. The sensitivity analyses are grouped into nine areas and

involve the calculation of from one to five alternative projections. Table 7.1

summarizes the characteristics of the baseline and 27 alternative projections.

Table 7.2 contains the corresponding claim summaries for 1990-2049.

The nine areas in which sensitivity analyses were conducted are as follows:

S1. Constant age-specific claim runoff. The CHR projections in Section 6.8

established the major role of age as a factor in claim filing. In this analy-

sis, we assumed that the age-specific number of claims in each future

quinquennium would be the same as in 1990-1994. The incidence of new

exposure was assumed to end in 1975-1979, implying that all claims will

have ceased in 2050-2054, when persons aged 15-19 in 1970-1974 are age

95-99. For consistency with other projections, we assumed no claims after

2045-2049.

S2. Ratio estimation of nine asbestos-related diseases: Propensity to sue (PTS)

model. The national projections of mesothelioma diagnoses in Section 6.7

were weighted to produce projections of mesothelioma claims among Trust

claimants, which were, in turn, weighted to produce projections of claims

for the other eight diseases.

S3. Parametric claim hazard rate model. The CHR model in Section 6.8 was

nonparametric. In this analysis, we fitted the claim data using a para-

217



218 7 Uncertainty in Updated Forecasts

Table 7.1:  Sensitivity Analyses Conducted to Assess the Uncertainty in Projections of 
Qualified Male Claims Against the Manville Trust, 1990-2049

Analysis Model # Description

S0 0 Baseline CHR model in Section 6.8

S1 1 1 Constant age-specific claim runoff

S2 1 2 Constant age-specific propensity to sue for each disease set proportional 
to national mesothelioma projection

S3 Parametric models of claim hazard rates
0 3 k  = 3.2 (and b  = 3.58  10-8)
1 4 k  varies
2 5 k  varies and c  > 0
3 6 k  varies and b  depends on age
4 7 k  varies, c  > 0, and b  depends on age

S4 Alternative mesothelioma mortality models
0 8 k  = 3.2
1 9 k  = 4.2
2 10 k  = 5.3 and c  > 0
3 11 b  = 1 10-8

4 12 b  = 1 10-9

S5 Alternative assumptions about the calibration of the youngest workers
in the 1960s and 1970s

1 13 Delete step 10
2 14 Delete steps 8, 9, and 10
3 15 Delete step 10 only for young cohorts

S6 Alternative to national SEER mesothelioma data for exposure calibration
1 16 Use only SEER costal sites
2 17 Use only SEER inland sites

S7 Alternative projected mortality rates
1 18 Low mortality assumption
2 19 High mortality assumption

S8 Alternative size and excess mortality of the heavy-exposure group
0 20 No excess mortality
1 21 30.1% excess mortality
2 22 45.0% excess mortality
3 23 16.0% of claimants had heavy exposure
4 24 25.9% of claimants had heavy exposure

S9 Alternative rates of decline in future claim filing rates
1 25 1% per year decline
2 26 3% per year decline
3 27 7% per year decline

S1–S9 28 Median of 27 models in analyses S1–S9

S10 Bridge model linking baseline model (Ch. 6) with hybrid model (Ch. 8)
1 29 Exposure calibrated using Trust mesothelioma diagnoses 1975-1989
2 30 Exposure calibrated using Trust mesothelioma diagnoses 1985-1989
3 31 Exposure calibrated using Trust mesothelioma claims 1990-1994

Source:  Stallard and Manton (1993).
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metric Weibull and generalized Weibull to smooth out irregularities in

the nonparametric estimates. This allowed evaluation of the Weibull ex-

ponents for all nine diseases and provided insight into the assumption of

the constant ratio PTS models in alternative S2.

S4. Mesothelioma incidence function. The Weibull hazard function used in

Section 6.6 was generalized and refitted to more recent and comprehensive

data on mortality among insulation workers (Selikoff and Seidman, 1991).

These results suggested that the use of the 3.2 power of age is incorrect

for insulation workers, although not necessarily for all asbestos workers.

S5. Adjustments to the insulation-worker equivalent (IWE) exposed popula-

tion. Table 6.9 provided estimates of the IWE exposed population. We

evaluated the sensitivity of the projections to modifications of these esti-

mates. In contrast to other sensitivity analyses, this analysis identified a

major source of sensitivity.

S6. National mesothelioma incidence counts. The counts of mesothelioma in-

cidence based on the Surveillance, Epidemiology, and End Results Pro-

gram (SEER) data in Table 6.3 were replaced by SEER data stratified by

coastal versus inland sites to evaluate effects of shipyard and other tra-

ditional sources of exposure. This analysis addressed concerns about the

representativeness of the SEER data and its potential impact on model

calibration in Section 6.6.

S7. Nonmesothelioma mortality rates. The projected mortality rates in Table

6.2 were modified to reflect the range of future mortality as projected by

Lee and Carter (1992).

S8. Excess mortality among insulation workers. Step 7 of the first-stage cal-

ibration in Section 6.6.2 assumed that 20% of mesothelioma incidence

occurred among heavily exposed workers who suffered 37% excess mortal-

ity. This step evaluated the effects of changing the 20% heavy exposure to

0%, 16.0%, and 25.9%, and the 37% excess mortality to 0%, 30.1%, and

45.0%. The results showed only minor sensitivity to these variations. The

lack of convincing evidence for the assumptions in step 7 need not be a

major concern.

S9. Decline in claim filing rates. The CHR model in Section 6.8 assumed that

age and time since first exposure (TSFE) were the only factors in fil-

ing claims. In this analysis, we evaluated the effects of declines of 1%,

3%, and 7% per calendar year in these claim filing rates. Although the

analysis did not detect trends in claim filing rates after 1989 (see Figures

6.2-6.5), such declines could have occurred after the Manville Trust liti-

gation was completed. Except for this simple illustration, the interactions

between litigation events and claims filing rates were beyond the scope of

our analysis.

Following the individual sensitivity analyses, we consider the overall sen-

sitivity of the model to the various assumptions, assess the plausible range of
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uncertainty in these projections, and identify additional issues to be resolved

in developing a more complete analysis of uncertainty in this class of models.

Finally, we present a set of analyses (S10) that forms a “bridge” between

the updated form of Walker’s (1982) model in Chapters 6 and 7 and the

hybrid form of Walker’s (1982) and Selikoff’s (1981) model in Chapters 8

and 9. These analyses dropped the SEER data from step 2 of the first-stage

calibration (see Section 6.5.2) and replaced them with claim data from the

Manville Trust. This was necessary because the hybrid model was stratified

by occupation/industry. The claim data provided the required information

on occupation/industry, but the SEER data did not. The bridge model was

needed to assess the amount of distortion, if any, induced by replacing the

SEER data in step 2 with claim data.

7.2 Analysis S1: Constant Age-Specific Claim Runoff

In Section 6.5, we assumed that the claim counts for 1990-1994 were simple

multiples of the counts from January 1, 1990 through November 30, 1992. This

is reflected in Table 6.14 and is consistent with Figures 6.2-6.6. Figure 6.6 sug-

gests that there was a shift in alleged disease/injury from nonasbestos-related

and unknown diseases to asbestos-related noncancers, primarily asbestosis.

Because the total claims in Figure 6.2 were constant through November 1992,

as were the percentages due to asbestos-related cancer in Figure 6.6, it is likely

that this shift reflected better claims preparation on the part of claimants and

their legal representatives, rather than a real change in the underlying distri-

bution of disease. Under this assumption, the average claim filing rates for

each disease for 1990-1992 were applied to 1990-1994. It was instructive to

determine the consequences of extending this assumption throughout the pe-

riod 1990-2049, with deletion of the youngest age group for each successive

quinquennium, starting with age 15-19 in 1975-1979. This yielded a claim

projection with a minimum number of assumptions and provided a bench-

mark against which the first- and second-stage baseline calibrations can be

evaluated. The results are summarized in Table 7.2.

For mesothelioma, the total projected claims count of 25,368 males for

1990-2049 was 4.2% higher than baseline. For all diseases, the total projected

claim count of 522,901 males for 1990-2049 was 17.3% higher than baseline.

For lung cancer, the projected increase over baseline for 1990-2049 was

13.3%; for asbestosis, 18.9%; for asbestos-related noncancer, 18.1%; and for

nonasbestos-related and unknown diseases, 22.8%. These results indicate that

important aspects of the dynamics of mesothelioma and other diseases, espe-

cially noncancers, cannot be represented by a constant claim runoff model.
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7.3 Analysis S2: Ratio Estimation of Nine

Asbestos-Related Diseases — PTS Model

In this alternative, we scaled the mesothelioma incidence counts in Table 6.11

to the levels corresponding to each of the nine categories of disease used by

the Manville Trust in classifying alleged disease/injuries. These categories

were discussed in Sections 6.2 and 6.5.

We estimated (Table 6.14) 3607 male mesothelioma claims filed with the

Trust for 1990-1994 at ages 35 and above. The corresponding national estimate

of incident cases of mesothelioma among males from Table 6.11 was 8948.

Thus, each entry in Table 6.11 could be multiplied by the ratio 0.4031 =

3607/8948, representing propensity to sue (PTS), to scale estimates to the

level filed against the Manville Trust. However, because the mesothelioma

CHRs underlying Table 6.16 exhibited unimodal age-specific patterns, it was

more realistic to assume that the PTS rates also vary by attained age at the

claim filing date. This ensured that the model reproduced the age-specific

distribution of claims for 1990-1994 for each of the nine disease/injuries.

In general, let n7A,1990−94 be the number of mesothelioma claims at age
group A in Table 6.14. Let ndA,1990−94 be the corresponding number in Table
6.14 for any other disease, d. Then, the age-specific ratio estimates for each

disease d are

ndA,Y =MA,Y ×
n7A,1990−94
MA,1990−94

× ndA,1990−94
n7A,1990−94

=MA,Y ×
ndA,1990−94
MA,1990−94

,

where MA,Y is the projected mesothelioma incidence count at age group A

in calendar period Y under the first-stage calibration model (Table 6.11; see

Section 6.7). This calculation replaced the second-stage calibration based on

the CHR model with an alternative second-stage calibration based on the PTS

model with constant age-specific PTS ratios over disease/injuries. The results

are summarized in Table 7.2.

For 1990-1994, analysis S2 reproduced the age-specific baseline claim counts.

The total claims for 1990-2049 were 7.0% higher than baseline (i.e., 477,014

vs. 445,751). For mesothelioma, the claims for 1990-2049 were 5.2% lower

than baseline (23,077 vs. 24,343). The projected average PTS was 34.0% (vs.

40.3% for 1990-1994) for mesothelioma for 1990-2049, based on comparison

of Table 7.2 and Table 6.13 (i.e., 23,077 vs. 67,856). The use of age-specific

PTSs implied lower projected claim counts for mesothelioma and other can-

cers, but higher claim counts for lung cancer and colon/rectal cancer. The

projected claim counts were higher for all noncancers. Overall, the changes

were modest and supported the use of the CHR model in the second-stage

baseline calibration.
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7.4 Analysis S3: Parametric Claim Hazard Rate Model

In Section 6.8, we developed nonparametric hazard rate estimates for the

claim filing rates for nine asbestos-related diseases. In this section, we de-

velop model-based hazard rates estimated for the same data using Weibull

and gamma-mixed Weibull models. Such models smooth out irregularities in

the nonparametric estimates underlying Table 6.15. They also allow compar-

ison of the parameters across different disease/injuries. In particular, we were

interested in the extent to which the Weibull k-parameter estimates agree. If

they were similar for all diseases, it would justify the assumption in alternative

S2 that the nonmesothelioma claim rates were proportional to the mesothe-

lioma claim rates. To the extent that the k parameters were dissimilar, it lends

further credibility to the baseline CHR model.

We fitted five models to the claim data used in the second-stage calibration

of the CHR model (see Section 6.8). The hazard rates were modeled as follows

with parameters that maximize the Poisson likelihood:

Ld =
Y
A

Y
T

³ ePT
A,Y2

µ
T,d
A

´enT,d
A,Y2

exp
³
− ePT

A,Y2
µ
T,d
A

´
/enT,dA,Y2

!,

where d indexes disease, T indexes TSFE (in quinquennia), A indexes age

group, Y2 = 1990-1994, and µ
T,d
A is the claim hazard rate for disease d, at age

A and TSFE T . The observed claim counts for 1990-1992 were used to get

unbiased test statistics. The exposure indicator PT
A,Y2

was adjusted to reflect

this change; that is, each entry in Table 6.10 was divided by 1.715 to gener-

ate ePT
A,Y2

, the person-years of exposure underlying the claims in Table 6.14.

Similarly, the claim estimates in Table 6.14 were divided by 1.715 to gener-

ate enTA,Y2 , the corresponding values of the TSFE claim distribution. These

adjustments imply that the model based (quinquennial) estimator of H
T,d
A,Y2

is

bHT,d
A,Y2

= µ
T,d
A .

With T = (t− 2.5, t+2.5), and t measured in years, we defined Model 0 (the
null model for this section):

µ
T,d
A = bdt

k (k ≡ 3.2) ,
with a disease-specific proportionality constant bd.

In Section 6.8, we observed that the age-specific marginal CHRs were

unimodal with a peak generally at age 65-69. This implied that, at younger

and older ages, the CHRs were lower than at the peak age. We developed

formal tests of this hypothesis by specifying appropriate alternative models

to the one earlier.

We used two age specifications for the proportionality constants: no age

variation (Models 1 and 2) versus four age bands (Models 3 and 4 — ages 15-

49, 50-64, 65-74, and 75-99). In addition, we specified two functional forms:
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Weibull (Models 1 and 3) versus gamma-mixed Weibull (Model 2 and 4).

The Weibull implies a monotonic increase in CHR with increasing TSFE.

The gamma-mixed Weibull starts out similar to the Weibull, but it can reach

a peak value and then plateau or decrease with increasing TSFE. The four

models were as follows:

Model 1 (releases constraint on k in Model 0):

µ
T,d
A = bdt

kd ,

Model 2 (distributed risk):

µ
T,d
A = bdt

kd/
£
1 + bdcdt

kd+1/(kd + 1)
¤
,

Model 3 (age-specific constant):

µ
T,d
A = bA,dt

kd ,

Model 4 (age-specific distribution of risk):

µ
T,d
A = bA,dt

kd/
£
1 + bA,dcdt

kd+1/(kd + 1)
¤
.

Parameter restrictions were b > 0 and c ≥ 0. If cd = 0, then Models 2 and
4 simplify to Models 1 and 3, respectively.

The parameter cd in Model 2 is the squared coefficient of variation of a risk

distribution representing individual differences in the parameter bd in Model

1. Manton and Stallard (1979) showed that if individual susceptibilities to

risk were gamma distributed with mean equal to bd and variance equal to b
2
d

× cd, then the Weibull marginal hazard in Model 1 would be transformed to

the gamma-mixed form in Model 2.

In Models 3 and 4, bA,d is constant over quinquennia within four broad

age groups: 15-49, 50-64, 65-74, and 75-99 years. The parameter estimates

and goodness-of-fit chi-squared statistics are in Table 7.3.

All five models were estimated using 80 observations (see Table 6.15).

Hence, the degrees of freedom (d.f.) for evaluating chi-squared statistics are

79, 78, 77, 75, and 74 d.f., respectively. At 78 d.f., χ2.05 = 99.3 and χ2.01 =

109.2: no model achieved an acceptable fit for any disease. Model 4 provided

improvement (i.e., cd > 0) only for mesothelioma and colon/rectal cancer.
Model 3 is the most detailed model that is fitted for all nine diseases. Com-

pared to Model 1, Model 3 was highly significantly improved for every disease

(χ2 difference, 3 d.f.). The absolute χ2 values for Model 3 indicated substan-

tial variation in quality of fit. The rank order of fit dichotomized the nine

diseases into cancers versus noncancers:

1. Cancers

• Colon/rectal cancer (χ2 = 120.6; k = 3.14 ± 0.29)
• Other cancer (χ2 = 146.4; k = 2.78 ± 0.25)
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• Mesothelioma (χ2 = 306.8; k = 3.61 ± 0.13)
• Lung cancer (χ2 = 513.5; k = 2.34 ± 0.10)
with all k’s in the range 2.3 to 3.6.

2. Noncancers

• Unknown disease (χ2 = 744.1; k = 0.83 ± 0.12)
• Disputed asbestosis (χ2 = 1,178.0; k = 1.73 ± 0.06)
• Nonasbestos-related disease (χ2 = 1,347.8; k = 1.12 ± 0.07)
• Pleural plaques/thickening (χ2 = 1,352.3; k = 1.63 ± 0.06)
• Asbestosis (χ2 = 3,690.2; k = 1.41 ± 0.03)
with all k’s in the range 0.8 to 1.7.

The k-parameter estimates under Model 1 fell into three distinct groups:

1. Values near 0.9, for noncancers and nonasbestos-related diseases

2. Values near 2.4, for lung cancer and other cancer

3. Values near 3.0, for mesothelioma and colon/rectal cancer

A k value of 1 implies that the claim filing rate is proportional to TSFE.

These results indicate that the null hypothesis in Model 0, that k = 3.2

for all nine diseases, was wrong. The hypothesis was plausible for the four

cancers, but not for the noncancers where k < 2. The k-parameter estimates

were higher under Model 3 (except for lung cancer). In addition, the b pa-

rameters in Model 3 peaked at ages 50-64 or 65-74, with lower values at

both younger and older ages. These patterns provide insight into the behav-

ior of the age-specific PTS model in analysis S2. The assumption of the PTS

model that nonmesothelioma claims increased with TSFE at the same rate as

mesothelioma claims was reasonable for the other three cancers, but yielded

overpredictions for asbestos-related noncancers and nonasbestos-related dis-

eases. The overpredictions were ameliorated by the use of age-specific PTS

ratios.

The projection results for the parametric CHR models are in Table 7.2.

The most serious discrepancies with the baseline CHR model occurred with

Model 0, where the total claims 1990-2049 were 47.0% higher. The total claims

1990-2049 in Model 1 were only 1.1% lower than in the baseline model. Model

1 assumed no age effects, only TSFE effects. Comparison of Model 3 with the

baseline model showed a 3.0% decrease in total claims 1990-2049. Although

neither Model 1 nor 3 achieved a statistical fit, their predictions were close

to those of the nonparametric CHR model. The two models reinforced each

other and provided consistent sets of outcomes.

Comparison of Models 1 and 3 showed the effects of age specific b’s on the

CHR rates. The total claims 1990-2049 declined 1.8% in Model 3. Once the

effects of disease-specific k’s had been represented, the additional effects of

age on the CHRs were less important.

The findings of significant c-parameter values for mesothelioma and colon/

rectal cancer in Model 4 meant that the upward rate of increase of the CHR
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model was slower than predicted by the Weibull model. This reduced the

Model 3 projection for 1990-2049 for mesothelioma by 1.9% and colon/rectal

cancer by 4.0%. The resulting projections were each 3.3% higher than baseline.

The k-parameter estimate for mesothelioma under Model 3 was 3.61 —

12.8% higher than the value 3.20 assumed for mesothelioma claims in the

first-stage projection. The corresponding estimate under Model 1 was 2.96

— 7.5% lower than the assumed first-stage value of 3.20. The average of the

Model 1 and Model 3 estimates was 3.29 — within 2.8% of the assumed value of

3.20. These comparisons suggest that the Manville mesothelioma claims may

provide an appropriate alternative source of data for the first-stage calibration

(see Section 7.12).

7.5 Analysis S4: Mesothelioma Incidence Function

The Weibull function expresses the incidence rate for mesothelioma as a func-

tion of TSFE. This function was derived by Peto et al. (1982), who showed

that the incidence was independent of age at first exposure in a cohort of

17,800 North American insulation workers. The parameters b and k were es-

timated by Peto et al. (1982) based on 180 mesothelioma deaths occurring in

48,812 man-years of exposure (i.e., counting each year of survival after first

exposure as 1 man-year). Their estimate of k = 3.20 had a standard error of

±0.36, so a 95% confidence interval was 2.49 to 3.91. Their preferred estimate
was 3.50. In addition, their estimate was based on man-years of exposure be-

low age 80, for which the year of first exposure was between 1922 and 1946.

The period of observation was 1967-1979.

More recent data were provided by Selikoff and Seidman (1991) for all

17,800 insulation workers for 1967-1986 (see Table 2.1). During this period, 458

mesothelioma deaths (173 pleural; 285 peritoneal) were observed in 301,593

man-years of exposure (239,937 at 15+ years from onset of asbestos exposure;

6151 at 50+ years). This represents a fivefold increase over the data available

to Peto et al. (1982). The data are displayed in Table 7.4 by TSFE categories.

Also in Table 7.4 are data on 427 asbestosis deaths and 1168 deaths due to

lung cancer. The standardized mortality ratio (SMR — the ratio of observed

to expected deaths) for lung cancer was 4.35 (Selikoff and Seidman, 1991),

implying 899 excess deaths. The SMR for all deaths was 1.43, implying 1498

excess deaths. In addition, there was a deficit for noncancer, nonrespiratory

causes of 398 deaths (a healthy worker effect), for a “true“ excess of 1896

deaths. Hence, mesothelioma (458), asbestosis (427), and lung cancer (899)

account for 94.1% (1784 of 1896) of the true excess.

Table 7.5 presents the parameter estimates for three forms of Weibull

models fitted to the data in Table 7.4, both excluding and including data for

50+ years of exposure. The average TSFE above 50 years was not provided.

For 15-49 years, we used the midpoint of each quinquennium to represent

TSFE. Exposures below 15 years were deleted.
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Table 7.4:  Asbestos-Related Deaths by Cause and Time Since First Exposure to Asbestos 
Among 17,800 North American Insulation Workers

Time Since First Person- Cause of Death
Exposure (TSFE) Years Mesothelioma Lung Asbest-

Interval Midpoint Exposure Total Pleural Peritoneal Cancer osis

  0-14 7.5 61,655 0 0 0 9 1
15-19 17.5 52,710 5 2 3 37 14
20-24 22.5 57,595 18 10 8 95 31
25-29 27.5 50,519 73 33 40 183 52
30-34 32.5 37,166 105 40 65 281 59
35-39 37.5 20,340 91 33 58 239 84
40-44 42.5 10,201 59 17 42 155 80
45-49 47.5 5,257 58 27 31 75 33
50+ 52.5 6,151 49 11 38 94 73

Total 301,593 458 173 285 1,168 427

Source:  Selikoff and Seidman (1991, Tables 4, 5, 6, and 7).

Model 0 (the null model for this section) is the original Weibull in Section

2.3.1d with k = 3.2, except that b was allowed to vary to maximize the Poisson
likelihood,

Ld =
Y
T

(PTµT,d)
nT,d exp(−PTµT,d) /nT,d!,

where d indexes disease, T indexes quinquennia, PT is the man-years of expo-

sure at T ≡ (t− 2.5, t+2.5), and nT,d is the corresponding number of deaths.
With t measured in years, at the midpoint of each exposure interval,

µT,d ≡ µt,d = bdt
kd .

With one free parameter, the chi-squared statistics (based on the likelihood

ratio transformation), have either 6 or 7 d.f., depending on whether TSFE 50+

years is included (using t = 52.5 for the final observation). Our discussion
focuses on the data with TSFE < 50 years.

For mesothelioma, Model 0 produced χ2 = 40.43 (6 d.f., p < 0.001) and b =

3.58 ± 0.18 × 10−8. Model 0 failed to fit either or both forms of mesothelioma.
It also failed to fit asbestosis and lung cancer. The b estimate of 3.58 × 10−8
for mesothelioma was significantly lower than the 4.37 × 10−8 in Section
2.3.1d.

Model 1 freed k to be the maximum likelihood estimate. For mesothe-

lioma, χ2 = 17.08 (5 d.f., 0.01 > p > 0.001), k = 4.18 ± 0.21. For peritoneal
mesothelioma, χ2 = 12.32 (5 d.f., 0.05 > p > 0.01), k = 4.35 ± 0.27; for

pleural mesothelioma, χ2 = 11.22 (5 d.f., 0.05 > p > 0.01), k = 3.93 ± 0.32.
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Table 7.5:  Parameter Estimates and Standard Errors for Asbestos-Related Deaths Among 
17,800 North American Insulation Workers

Std. Std. Std. 
k Error b Error c Error

Disease Model k b c

1. Mesothelioma 0 3.20 — 3.58E-08 1.8E-09 0.00 — 40.43
1 4.18 0.21 1.14E-09 8.5E-10 0.00 — 17.08
2 5.28 0.52 3.20E-11 5.5E-11 8.91 3.94 10.66

1.1 Pleural 0 3.20 — 1.42E-08 1.1E-09 0.00 — 16.45
1 3.93 0.32 1.11E-09 1.3E-09 0.00 — 11.22
2 4.20 0.76 4.52E-10 1.1E-09 6.31 15.57 11.05

1.2 Peritoneal 0 3.20 — 2.16E-08 1.4E-09 0.00 — 31.47
1 4.35 0.27 3.73E-10 3.6E-10 0.00 — 12.32
2 6.02 0.71 1.56E-12 3.7E-12 20.91 8.43 3.81

2. Lung cancer 0 3.20 — 9.33E-08 2.9E-09 0.00 — 32.76
1 3.26 0.12 7.54E-08 3.2E-08 0.00 — 32.50
2 4.52 0.29 1.38E-09 1.3E-09 4.84 1.06 5.90

3. Asbestosis 0 3.20 — 3.09E-08 1.6E-09 0.00 — 26.78
1 3.80 0.22 3.73E-09 2.9E-09 0.00 — 18.82
2 3.92 0.41 2.54E-09 3.4E-09 1.19 3.45 18.70

1. Mesothelioma 0 3.20 — 3.42E-08 1.6E-09 0.00 — 46.77
1 3.63 0.17 7.42E-09 4.5E-09 0.00 — 40.03
2 5.54 0.45 1.36E-11 2.1E-11 11.80 2.74 11.52

1.1 Pleural 0 3.20 — 1.29E-08 9.8E-10 0.00 — 28.22
1 3.24 0.26 1.12E-08 1.1E-08 0.00 — 28.19
2 5.24 0.74 1.69E-11 4.2E-11 37.28 13.99 16.23

1.2 Peritoneal 0 3.20 — 2.13E-08 1.3E-09 0.00 — 31.90
1 3.87 0.22 1.90E-09 1.5E-09 0.00 — 21.73
2 5.85 0.59 2.76E-12 5.5E-12 17.95 5.22 4.03

2. Lung cancer 0 3.20 — 8.66E-08 2.5E-09 0.00 — 79.35
1 2.88 0.10 2.68E-07 9.5E-08 0.00 — 69.27
2 4.62 0.27 1.02E-09 8.9E-10 5.40 0.82 6.54

3. Asbestosis 0 3.20 — 3.18E-08 1.5E-09 0.00 — 28.73
1 3.73 0.17 4.75E-09 3.0E-09 0.00 — 19.13
2 3.93 0.35 2.48E-09 2.9E-09 1.29 2.00 18.70

Source:  Stallard and Manton (1993; Table 37a and 37b).

Estimates based on TSFEs 15-49 and 50+

Estimates based on TSFEs 15-49

Squared
Chi-
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Thus, Model 1 was substantially improved although the fit was still not good.

For asbestosis, Model 1 yielded χ2 = 18.82 (5 d.f., 0.01 > p > 0.001), k =

3.80 ± 0.22, a substantial improvement. For lung cancer, Model 1 yielded χ2

= 32.50 (5 d.f., p < 0.001), k = 3.26 ± 0.12, no improvement.
Model 2 introduced an additional parameter, cd, representing the squared

coefficient of variation of a gamma-mixed Weibull hazard function:

µt,d = bdt
kd/

£
1 + bdcdt

kd+1/(kd + 1)
¤

(cd ≥ 0) .

Model 2 provided an acceptable fit (p > 0.05) for both lung cancer and peri-

toneal mesothelioma, a marginally acceptable fit (0.05 > p > 0.01) for pleural

mesothelioma and undifferentiated mesothelioma, and an unacceptable fit (p

< 0.01) for asbestosis.

The same general conclusion was reached when data for 50+ years of ex-

posure were included. However, the probability level for pleural mesothelioma

fell to an unacceptable level (to 0.01 > p > 0.001). Closer inspection of Table

7.4 reveals the reason for this: The rate dropped from 514/100,000 at TSFE

45-49 to 179/100,000 at TSFE 50+. This is inconsistent with the hazard rate

reaching a plateau at this duration. Instead, it may signal differences in ex-

posure levels between insulators with TSFE < 50 versus > 50 years.

Independent of the level of fit, the results for 15-49 years TSFE indicated

that for all five disease models, including asbestosis and lung cancer, the av-

erage k for insulation workers was at least 3.2. The k values for Model 1 were

significantly lower than for Model 2, except for pleural mesothelioma and as-

bestosis. The k values for Model 1 were significantly higher than in analysis

S3, Model 3 (see Table 7.3), with the largest difference for asbestosis (3.80

vs. 1.41), the smallest difference for mesothelioma (4.18 vs. 3.61), and lung

cancer falling in between (3.26 vs. 2.34). These results indicate that there

is substantial variation in susceptibility to asbestos-related disease mortality

among insulators, and that the rate of increase with TSFE of asbestos-related

disease claims is substantially lower than for asbestos-related disease mortal-

ity. The fact that 62% of mesothelioma deaths in Table 7.4 were peritoneal

suggests that there may be further differences between insulators and other

workers in their disease-specific hazard rates as a function of TSFE. We will

consider these issues in Chapter 8.

In the remainder of this section, we evaluate the sensitivity of the baseline

projection model to changes in both the b and k parameters of the Weibull

model.

7.5.1 Sensitivity to the b Parameter

Peto et al. (1982) estimated a b value equal to 4.37× 10−8, whereas we esti-
mated 3.58× 10−8 (Model 0 — 18.1% lower). Table 7.2 shows that our revised

estimate resulted in 0.7% more total claims and 1.1% more mesothelioma

claims, 1990-2049. The mesothelioma diagnoses were projected to increase
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3.9% over the same period. The two-stage calibration was relatively insen-

sitive to the b value, even though the first-stage projection of mesothelioma

diagnoses was somewhat more sensitive. The first-stage sensitivity was ex-

pected based on the discussion in Section 6.6.2.

This raised the issue of the sensitivity of the baseline projection to the

IWE assumption. As indicated, Walker (1982) suggested that the number of

actual workers per IWE may be 2, 5, or 10. In Section 6.7.1, we used Selikoff’s

(1981) estimates to determine that the rates could also be 13 or 26 actual

workers per IWE. The ratio may vary by an order of magnitude.

We evaluated the extremes of these ranges by defining two additional mod-

els (3 and 4) that elaborate on the null model in Table 7.5. Table 7.2 shows

the impact of setting b equal to 1.0×10−8 (Model 3 — corresponding to a ratio
near 4 to 1) and 1.0 × 10−9 (Model 4 — corresponding to a ratio near 40 to
1). The latter ratio was high enough to include the lowest levels of exposure

considered by Selikoff (1981).

Under the 4:1 ratio, total claims increased by 3.2% and mesothelioma

claims increased by 4.8% during 1990-2049. The corresponding increases un-

der the 40:1 ratio were 4.2% and 6.2%, respectively. As expected, the projected

numbers of mesothelioma diagnoses increased more — 18.5% and 24.6%. Al-

though the claim sensitivity was modest and the diagnosis sensitivity was

larger, both were capped at maximum values respectively about 6% and 25%

higher than projected.

7.5.2 Sensitivity to the k Parameter

Peto et al. (1982, p. 132) commented that brief exposure yields a k value 1

unit less than continuous exposure at the same dose (see Section 2.4). The

types of exposure leading to claims against the Manville Trust include all 11

occupation/industry categories identified by Selikoff (1981) (see Table 3.1), so

the “true” k value for the first-stage calibration is between k and k−1, where
k is determined from Table 7.5.

In Table 7.2, we show the impact of replacing the mesothelioma incidence

function in the baseline model with Models 1 and 2, as estimated in Table 7.5

for TSFE in the range 15-49 years. Under Model 1, the total number of claims

increased 50.5% for 1990-2049; under Model 2, the corresponding increase was

74.3%. Comparable increases occurred for the nine specific disease/injuries.

We now consider why these increases occurred. Model 1 increased k to 4.18.

The projected mesothelioma diagnoses for 1990-2049 increased 96.4%. Model

2 increased k to 5.28. Mesothelioma diagnoses increased 43.1%. Both models

yielded large increases in total exposure initiated in 1970-1974: 126.2% (Model

1) and 247.2% (Model 2). These increases were primarily for the age groups

15-19, 20-24, and 25-29, with the largest increases for 15-19: 186.1% (Model

1) and 431.3% (Model 2). However, the total number of male mesothelioma

diagnoses in SEER 1975-1989 at or below age 29 was 10. Projections based

on such small numbers have low credibility.
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Table 7.6:  Alternative Projections of the Total Number of Qualified Male Claims Against 
the Manville Trust, 1990-2049, by Age in 1990-1994

Total Claims Ratio of Total Claims
Birth Analysis S0 from S4 to Total Claims

Age in Cohorts Baseline Analysis S4 from S0
# 1990-1994 Included Model Model 1 Model 2 Model 1 Model 2

1 35-39 1951-1959 41,061 96,425 156,110 2.348 3.802
2 40-44 1946-1954 79,695 151,515 200,765 1.901 2.519
3 45-49 1941-1949 86,163 136,219 151,596 1.581 1.759
4 50-54 1936-1944 50,397 69,340 69,326 1.376 1.376
5 55-59 1931-1939 50,287 62,697 59,362 1.247 1.180
6 60-64 1926-1934 56,561 65,904 59,578 1.165 1.053
7 65-69 1921-1929 38,532 42,780 38,592 1.110 1.002
8 70-74 1916-1924 25,639 27,851 24,836 1.086 0.969
9 75-79 1911-1919 12,099 12,781 11,702 1.056 0.967

10 80-84 1906-1914 4,048 4,197 3,929 1.037 0.971
11 85-89 1901-1909 1,079 1,106 1,055 1.025 0.978
12 90-94 1896-1904 168 172 167 1.021 0.993
13 95-99 1891-1899 22 22 22 1.000 1.000

Cumulative Totals

# 1-13 35-99 1891-1959 445,751 671,008 777,038 1.505 1.743
# 2-13 40-99 1891-1954 404,690 574,583 620,928 1.420 1.534
# 3-13 45-99 1891-1949 324,995 423,068 420,163 1.302 1.293
# 4-13 50-99 1891-1944 238,832 286,849 268,567 1.201 1.125

Source:  Authors' calculations.

Table 7.6 presents the total claim projections for 1990-2049, stratified to

isolate the effects of each age group (or cohort). The total claims for Models

1 and 2 exhibited the largest relative increases for the youngest age group

(134.8% and 280.2%, respectively). These increases declined substantially over

the next two older age groups. For males in the 10 oldest age groups, the

increases were even smaller (averaging 20.1% and 12.5%, respectively). Model

1 generally projected more claims than Model 2 for these groups.

With all but the youngest age group included in the projections, the av-

erage relative increases fell to 42.0% and 53.4% respectively for Models 1 and

2. Given the lack of credibility for the youngest age group, we would argue

that these latter values better capture the potential impact of Models 1 and

2 on the baseline projection.

Given the sensitivity observed, it is worth asking now whether there is

any theoretical evidence to support the use of k = 3.2 in the baseline model.
As noted earlier, Peto et al. (1982) observed that the k value is 1 unit less

for brief exposure than for continuous exposure. Selikoff (1981; his Table 2-
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13) estimated that the average duration of employment for insulation workers

(15.9 years in 1960-1969) was much longer than in primary asbestos manu-

facturing (3.8 years in 1960-1969) and shipbuilding/repair (4.2 years in 1960-

1969). Other occupations had average employment durations of 4.0 to 8.7

years in 1960-1969, but these were all at lower risk of mesothelioma. Selikoff

and Seidman’s (1991) data were for insulation workers, all of whom were in

the insulators’ union in 1967. Their average duration of exposure must have

been at least as long as, if not substantially longer than, that of the average

insulation worker. In the Manville Trust data, only 8.8% of the 7787 qual-

ified male mesothelioma claims were insulation workers. It is reasonable to

conclude that the actual number of exposed workers was a large multiple of

(up to 40 times) the IWE number displayed in Table 6.10; that average daily

exposure levels were substantially below that of insulation workers, and that

the average duration of exposure was substantially shorter than for insulation

workers. With Model 1 yielding k = 4.18±0.21, a value of k 1 unit lower (i.e.,
k = 3.20) appears plausible for use with the general population of workers
exposed to asbestos.

This argument was used by neither Walker (1982) nor Selikoff (1981).

Walker adopted Peto et al.’s (1982) original estimate of k equal to 3.2 for

insulation workers, without suggesting a downward adjustment, although, by

not using Peto’s preferred estimate of 3.5, Walker implicitly used a small

downward adjustment. Selikoff (1981, Task 4b) argued that the risk of death

from mesothelioma increased as the fourth or fifth power of TSFE for 40-50

years. His projections were consistent with the k values in Models 1 and 2.

We would argue, however, that Selikoff (1981) should have lowered k in his

projections for occupations other than insulation workers. We will consider

how to do this in Chapter 8.

7.6 Analysis S5: Adjustments to the IWE Exposed

Population

Steps 8-10 of the first-stage calibration of the baseline model introduced

smoothing, cleanup (of asbestos), and recalibration of the IWE estimates for

exposures initiating in 1955-1974. This section evaluates the impact of these

adjustments using three alternative models. The results are summarized in

Table 7.2.

Model 1 deleted step 10 from the first-stage calibration of the baseline

model. This had the effect of replacing the exposed population estimates in

Table 6.9 with the “discounted” estimates from step 9. For example, the esti-

mate of 304,871 male IWEs with first exposure during the period 1955-1974

was reduced to 257,711 male IWEs. In addition, some of the “bumpiness”

in the age distribution at or below age 25-29 was removed. The net effect

was to decrease the 1990-2049 mesothelioma diagnoses projection by 19.2%,

mesothelioma claims by 25.4%, and total claims by 25.8%.
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Model 2 deleted steps 8, 9, and 10 from the first-stage calibration of the

baseline model. This had the effect of replacing the IWE exposed population

estimates in Table 6.9 with the initial estimates from step 7 in Table 6.8. The

exposure estimates for 1955-1974 were comparable to those for 1945-1954, but

with some “bumpiness” in the age distribution for later periods. The net effect

was to increase the 1990-2049 mesothelioma diagnoses projection by 6.1%,

mesothelioma claims by 4.0%, and total claims by 6.6%. The adjustments in

steps 8-10, considered as a set, had only a modest impact on the projections.

However, as shown by Model 1, implementation of steps 8 and 9 alone led

to a sizable reduction in projected claims because the first-stage calibration

no longer was constrained to reproduce the observed mesothelioma diagnosis

counts for 1975-1989. This is undesirable if the observed mesothelioma counts

are credible. An exception was considered in Model 3 for the three youngest

cohorts, for which the credibility of the observed mesothelioma counts was

suspect.

Model 3 modified the baseline model so that the renormalization in step

10 of the first-stage calibration was not applied to the three youngest cohorts,

aged 15-19, 20-24, and 25-29 in 1970-1974. These are the same three cohorts

identified in analysis S4. Compared to the baseline, Model 3 showed a de-

crease of 24.4% in mesothelioma diagnoses 1990-2049, a decrease of 28.6% in

mesothelioma claims, and a decrease of 28.2% in total claims. Without the

resolution in step 10, the exposed population at age 15-19 in 1970-1974 was

13.0% of the total, and at age 20-24, it was 17.3% of the total. For the pe-

riod 1965-1969, the corresponding values were 13.2% and 17.4%, respectively.

These were substantially lower than Selikoff’s (1981; his Table 2-21) estimates

for 1965 of 15.1% for ages 18-19 and 27.3% for ages 20-24. The projection in

Model 3 could be viewed as a lower bound. On the other hand, the baseline

model (Table 6.9) produced estimates of 32.2% for ages 15-19 and 22.6% for

ages 20-24 in 1965-1969, the first of which was substantially higher than but

the second lower than Selikoff’s estimates. For the period 1970-1974, the cor-

responding estimates were 34.4% and 27.9%, respectively. Again the first was

substantially higher than but the second was close to Selikoff’s estimates. The

baseline projection could be viewed as an upper bound using these criteria.

The conclusion from this section is that there was substantial sensitivity

to the exposure calibration at younger ages in the 1960s and 1970s.

7.7 Analysis S6: National Mesothelioma Incidence

Counts

The counts of diagnoses of mesothelioma for 1975-1989 for the United States

in Table 6.3 were based on data from the SEER program sponsored by NCI.

These data reflected mesothelioma incidence in about 10% of the U.S. pop-

ulation. There are concerns about how representative the SEER data are of

the entire United States.
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The projections were calibrated both to the SEER data 1975-1989 and to

the Trust claims 1990-1992. In this section, we evaluate two alternative mod-

els. Model 1 replaced the estimates in Table 6.3 with corresponding estimates

based on the five coastal sites in SEER: San Francisco-Oakland SMSA, Con-

necticut, Metropolitan Detroit (Lake Michigan), Hawaii, and Seattle(Puget

Sound). Model 2 replaced the estimates in Table 6.3 with corresponding es-

timates based on the four inland sites in SEER: Metropolitan Atlanta, Iowa,

New Mexico, and Utah. The replacements for Table 6.3 are in Table 7.7.

Table 7.7 shows several differences between the estimates based on coastal

versus inland SEER sites: (1) the coastal sites yield higher overall estimates

(+51.8% for 1970-1989); (2) the coastal sites have a steeper rate of secular

increase (6.6% vs. 3.3% per year from 1970-1974 to 1985-1989); and (3) there

is a crossover in the age-specific estimates between ages 40-44 and 45-49, with

the inland sites yielding higher estimates at younger ages and the coastal sites

yielding higher estimates at older ages. This suggests that the exposures at

the inland sites were relatively more recent than at the coastal sites.

The projections are summarized in Table 7.2. Compared with the baseline

model, the coastal sites (Model 1) yielded 9.3% more mesothelioma diagnoses

1990-2049, 3.9% fewer mesothelioma claims 1990-2049, and 3.6% fewer total

claims 1990-2049. The increase in mesothelioma diagnoses is consistent with

the higher overall estimate for coastal sites in Table 7.7. The decrease in

mesothelioma and total claims is consistent with the relatively older age of

mesothelioma cases in the coastal sites, combined with the constraints imposed

by the second-stage calibration.

The reverse pattern is seen for the inland sites (Model 2). Compared with

the baseline model, the inland sites yielded 19.2% fewer mesothelioma diagno-

sis, but 16.4% and 16.5% more mesothelioma and total claims for 1990-2049.

These reversals are also consistent with the differences seen in Table 7.7.

The average number of claims for 1990-2049 from Models 1 and 2 was 6.5%

higher than in the baseline model (474,667 vs. 445,751). Given the substantial

differences between the coastal and inland sites, these results indicated that

the SEER data, taken as a set, provided reasonable estimates of mesothe-

lioma diagnoses for use in the first-stage calibration of the baseline model. We

consider alternative data sources in Section 7.12 in preparation for replacing

the SEER data with Manville Trust data in Chapters 8 and 9. However, this

replacement was due to the lack of occupational information in SEER data,

not to concerns about its representativeness of the entire United States.

7.8 Analysis S7: Nonmesothelioma Mortality Rates

The projected mortality rates in Table 6.2 were based on an assumed ex-

ponential decrease of about 1% per year. The exact factor applied to each

quinquennium is given in the last column of Table 6.2. These estimates, p̂A,



238 7 Uncertainty in Updated Forecasts

Table 7.7:  Estimated U.S. Male Mesothelioma Incidence Counts by Age and Quinquennium, 
Coastal vs. Inland Sites in SEER Data, 1970-1989

Quinquennium

Age 1970-1974 1975-1979 1980-1984 1985-1989         Total

  0-14 0 0 0 0 0
15-19 0 0 17 0 17
20-24 0 16 16 16 49
25-29 0 45 0 15 60
30-34 117 29 15 15 176
35-39 45 60 45 106 256
40-44 151 46 77 197 471
45-49 253 453 341 197 1,244
50-54 345 472 520 346 1,682
55-59 442 606 914 954 2,915
60-64 550 825 1,338 1,238 3,950
65-69 509 988 1,478 2,157 5,132
70-74 779 968 1,700 2,074 5,521
75-79 568 721 1,177 1,408 3,874
80-84 137 364 708 950 2,159
85-89 0 200 272 341 812
90-94 0 0 17 85 102
95-99 0 0 0 0 0

Total 3,896 5,792 8,635 10,099 28,423

  0-14 0 0 0 0 0
15-19 0 31 0 0 31
20-24 103 0 30 0 134
25-29 104 0 0 0 104
30-34 0 123 0 31 153
35-39 214 31 92 61 398
40-44 109 159 156 185 608
45-49 334 99 160 190 784
50-54 338 414 432 226 1,411
55-59 877 521 584 468 2,451
60-64 546 565 765 481 2,357
65-69 432 715 1,020 1,223 3,390
70-74 306 458 836 1,178 2,778
75-79 97 375 1,372 924 2,768
80-84 0 163 262 462 887
85-89 0 61 93 156 310
90-94 0 0 93 63 155
95-99 0 0 0 0 0

Total 3,460 3,715 5,897 5,646 18,719

Source: Authors' tabulation of SEER data, 1973-1989.

Costal

Inland
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were based on the historical rate of change in hazard rates, hA,Y , from 1950-

1954 to 1980-1984.

The hazard rate projections were described in Section 6.5.1. As noted in

that discussion, this projection model was consistent with the analysis of Lee

and Carter (1992, p. 664) which reported that the choice of starting date (1930

to 1960) made “little difference to either the point forecasts or the confidence

intervals.” The relative standard error of the forecasted rate of decline was

about 23% for the forecast from 1990 to 2050. Applying this to our forecasted

age-specific declines of about 1% per year, we approximated a 95% confidence

interval by introducing a ±0.5% per year (±2.5% per quinquennium) adjust-

ment. Let N be the number of quinquennia from 1980-1984 to Y . In Model

1, we modified the hazard rate projection to represent low mortality,

hA,Y = hA,1980−84 × pNA × 1.025−N ,
and in Model 2, we introduced a complementary modification to represent

high mortality,

hA,Y = hA,1980−84 × pNA × 1.025N .
The results from the low- and high-mortality models are compared with the

baseline model in Table 7.2.

Under low mortality (Model 1), the projected mesothelioma diagnoses

for 1990-2049 increased 8.8%, mesothelioma claims increased 4.2%, and to-

tal claims increased 2.8%. Under high mortality, mesothelioma diagnoses de-

creased 8.1%, mesothelioma claims decreased 4.3%, and total claims decreased

2.9%. In both cases, the effects were small.

7.9 Analysis S8: Excess Mortality Among Insulation

Workers

Walker’s (1982) assumptions about excess mortality among heavily exposed

persons were discussed in Sections 4.4.1b, 5.4.2, and 6.5.5. The cases of mesothe-

lioma incidence were divided into three groups: 46% without documented his-

tory of occupational exposure (our low-dose exposure group), 34% with prob-

able occupational exposure (our medium-dose exposure group), and 20% with

definite occupational exposure (our high-dose exposure group). The 20% with

definite exposure was equated by Walker (1982, p. 6) to heavy exposure, which

is why these workers formed our high-dose exposure group. Walker deleted the

low-dose exposure group from his projections. We retained them so that our

first-stage calibration would exactly match the SEER data (Table 6.3). The

remaining uncertainty involved the assumption that there was an excess of

37% nonmesothelioma mortality among a subgroup of the population that

yielded 20% of mesothelioma cases.

In this section, we evaluate changes in both statistics using excess mortality

percentages of 0.0% (Model 0), 30.1% (Model 1), and 45.0% (Model 2). These
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values were discussed in Section 6.6.1. In addition, we evaluate high-dose

exposure percentages of 0.0% (Model 0), 16.0% (Model 3), and 25.9% (Model

4). These percentages were derived from the Trust’s claim data files, where

of 7787 qualified male mesothelioma claims, 686 were insulators and 557 were

asbestos factory workers (16.0%; relative risk = 1), and 1547 were shipyard

workers (19.9%; relative risk = 0.5), using relative risks from Selikoff (1981)

(see Table 3.1). The weighted sum of these claims, using the relative risks

as weights, was 2016.5, which was 25.9% of the total, 7787. The 25.9% was

almost identical to Walker’s upper limit estimate of 26% (Walker, 1982, p. 6).

If the fraction of mesothelioma diagnoses with occupational exposure were

indeed substantially below 100% [e.g., 75% as suggested by McDonald and

McDonald (1981)], then the high-dose fractions for Models 4 and 5 could be

adjusted down by, say, 25%. We retained the higher values to evaluate the

sensitivity of the baseline projection over a broader range of alternatives. The

results are in Table 7.2.

Model 0 eliminated both the high-exposure subgroup and their excess mor-

tality. Compared to the baseline model, the mesothelioma diagnoses 1990-2049

increased 4.6%, the mesothelioma claims increased 0.4%, and the total claims

increased 0.2%. This was the most extreme of the five models in Table 7.2.

The baseline projection model was relatively insensitive to these assumptions.

7.10 Analysis S9: Decline in Claim Filing Rates

The baseline CHR model assumed that age and TSFE were the only factors

in filing claims. Figures 6.2-6.5 displayed the rates at which filings occurred

from December 1989 to November 1992. There was no clear trend discernible

from those data. The trends in Figure 6.6 showed an increasing percentage of

claims due to asbestos-related noncancers. We argued that this was merely a

shift away from claims based on nonasbestos-related and unknown diseases,

not a true increase in the rate of asbestosis claims. On the other hand, some

lawyers were concerned that the claim filing rates may decline as the assets

of the various defendants are depleted. For example, in the National Gypsum

bankruptcy case, a decline of near 7% per year was assumed in the bench

ruling (Felsenthal, 1993). In view of this, we evaluated the effects of declines

of 1%, 3%, and 7% per calendar year in the claims filing rates of the CHR

model. The results are compared with the baseline model in Table 7.2.

At 1% (Model 1), mesothelioma claims 1990-2049 declined 14.2%; total

claims declined 11.9%. At 3% (Model 2), mesothelioma claims 1990-2049

declined 33.9%; total claims declined 29.2%. These declines were less than

three times those in Model 1, implying nonlinear effects. At 7% (Model 3),

mesothelioma claims 1990-2049 declined 55.2%; total claims declined 48.9%.

The declines for other diseases were of similar magnitude. For example, at

7%, the decline in asbestosis claims 1990-2049 was 48.1%.
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The declines in claim filing rates also had an alternate interpretation, in the

case of noncancer diseases. This alternative was based on the clear distinction

between the effects of age and TSFE on cancer versus noncancer diseases found

in Section 7.4 (see Table 7.3). For the cancers, the scientific evidence was much

stronger that age and TSFE were the major determinants of claims. Some

additional effects were also attributable to duration of exposure, but these

were approximated by reducing the k parameter up to 1 unit in value. For

asbestosis (the main noncancer disease), the evidence was less clear that age

and TSFE were the major determinants of claims. To the extent that intensity

of exposure had nonlinear effects, the assumption that the exposed population

can be calibrated in IWEs may have overestimated the future occurrence of

asbestosis claims. The fact that the k value for asbestosis deaths in Table 7.5

was substantially higher than for asbestosis claims in Table 7.3 (3.8 vs. 1.4)

supported this interpretation.

Walker (1982) assumed the virtual cessation of new diagnoses of asbestosis

after 1984. Unfortunately, that model underpredicted asbestosis claims for

1990-1994 by 88.5-92.9% (see Section 6.8.3).

7.11 Overall Sensitivity: Analyses S1-S9

The results of the nine sensitivity analyses indicate that the projections con-

ducted under the baseline model in Section 6.8 can be accepted with a reason-

able degree of confidence. The mesothelioma incidence projections in Section

6.7 compared favorably with those of Walker (1982) and Selikoff (1981), dif-

fering in absolute levels, but agreeing on a relative basis. The comparisons

with Walker and Selikoff highlighted the sources of the discrepancy between

these two projections, a discrepancy that was the focus of two lengthy reviews

(Manton, 1983; Cohen et al., 1984). The updated model in Chapter 6 had the

advantage of using a much broader database, and, with its CHR submodel

in Section 6.8, was directly calibrated to the number of claims against the

Manville Trust.

These projections cannot be treated as exact predictions of the future

number of claims against the Trust. Indeed, no population projection can be

treated as an exact prediction. They are the numerical consequence of the

data and assumptions built into the model. Thus, an understanding of the

likely stability of the projections is based on understanding the steps involved

in the projections. This is the reason we discussed the detailed steps of the

two stages of calibration of the updated projection model. This is also the

reason we conducted 28 projections. A listing of the 28 projections with a brief

description of their characteristics is in Table 7.1. More detailed information

and discussion was given in Sections 7.2-7.10.

The 27 projections selected as alternatives to the baseline CHR model fell

into 9 classes that reflected our judgment of the major areas of sensitivity of

the model. These classes were not an exhaustive listing of areas of sensitivity.
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Instead, they were intended to be the starting point for further considera-

tion and analysis. Their purpose was to alert the user of these methods and

projections to the potential range of variation in outcomes.

Table 7.8 displays the results for total claims 1990-2049, sorted in ascend-

ing order within each of the nine sensitivity analyses, making it easy to iden-

tify the models with the largest impact. The two largest increases (+74.3%

and +50.5%) were for analysis S4, which evaluated the impact of alternative

mesothelioma incidence/mortality models. This analysis was sensitive to the

IWE estimates for the youngest cohort: dropping the results for this cohort

reduced the 74.3% increase to 53.4% (see Table 7.6). The next largest increase

(+47.0%) was for the null model in analysis S3, which evaluated the paramet-

ric form of the CHRs. The fourth largest increase (+17.3%) was for analysis

S1, which evaluated the assumption of a constant age-specific claim runoff.

The two largest decreases (−48.9% and−29.2%) were for analysis S9 which
evaluated the impact of secular declines in CHRs. The next largest decrease

(−28.2%) was for analysis S5, which evaluated the impact of the IWE adjust-
ments in steps 8-10 of the first-stage calibration. The decline was associated

with the deletion of the renormalization in step 10, which primarily affected

the IWE estimates for the youngest cohorts.

An alternative approach is to array the projection outcomes, selecting

the median (i.e., the 14th of 27 in rank order) as the best single estimate,

identifying the lowest and highest as the likely bounds of uncertainty.

Table 7.9 displays the results for total and disease-specific claims 1990-

2049, sorted in ascending order across the nine sensivity analyses based on

the percentage differences in Table 7.2. The bottom row of Table 7.9 (same as

row 14) compares the medians of the 27 projections with the corresponding

results from the baseline projection. The differences are minor. This suggests

that, taken as a whole, the 27 projections provide a balanced representation

of the uncertainty in the future claims faced by the Manville Trust.

Figure 7.1 graphs the total claims by quinquennia for 1990-2049 for each

of the 27 projections, and Figure 7.2 presents the same data cumulated by

quinquennia. The alternative projections cluster near the baseline in both

cases. Figure 7.2 shows that the uncertainty increases with increasing duration

of the projection.

Any projection can be viewed as a function of various data inputs, all of

which are subject to random variation. The component of variation in each

projection attributable to variation in data is not reflected in our calculations

of projection limits. In addition, the timing of projected claims is subject to

random variation and this is also not reflected in our calculation of projection

limits. These sources of variation could be modeled by computer simulation

methods, but we have not done so. Such variation is “within-model” variation.

Our uncertainty limits, in contrast, refer to “between-model” variation. We

focus on the between-model component of variation because it is the domi-

nant source of uncertainty. Our knowledge of future claims of asbestos-related
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Table 7.8:  Comparisons of Alternative Projections of the Total Number of Qualified Male 
Claims Against the Manville Trust, 1990-2049, with  Models Sorted by Increasing Impact 

Within Sensitivity Analysis Groupings

Total  Difference (%) Between
Claims Alternative Model and

Analysis Model # 1990-2049 Baseline Model (S0)

Baseline S0 0 445,751 0.0

S1 1 1 522,901 17.3

S2 1 2 477,014 7.0

S3 2 5 427,035 -4.2
4 7 431,921 -3.1
3 6 432,582 -3.0
1 4 440,714 -1.1
0 3 655,431 47.0

S4 0 8 448,991 0.7
3 11 460,195 3.2
4 12 464,346 4.2
1 9 671,008 50.5
2 10 777,038 74.3

S5 3 15 319,941 -28.2
1 13 330,731 -25.8
2 14 475,165 6.6

S6 1 16 429,904 -3.6
2 17 519,431 16.5

S7 2 19 432,916 -2.9
1 18 458,301 2.8

S8 4 24 445,438 -0.1
2 22 445,635 0.0
1 21 445,875 0.0
3 23 445,957 0.0
0 20 446,740 0.2

S9 3 27 227,618 -48.9
2 26 315,392 -29.2
1 25 392,491 -11.9

Median S1–S9 28 445,875 0.0

S10 3 31 423,200 -5.1
2 30 447,107 0.3
1 29 513,387 15.2

Source:  Authors' calculations.
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diseases is not good enough to select just one model for detailed simulation

analysis.

More detailed evaluation of the level of uncertainty requires a joint analysis

of the variation associated with each assumption or parameter of the model,

to produce not just a single projected value at each future age and date but a

distribution of projected values. This form of modeling permits one to compute

the mean and variance of projected quantities. Our goal was to develop a basic

projection model and to identify where it was sensitive to assumptions (e.g.,

the estimation of past exposure). Resolving this issue logically precedes the

analysis of the joint variation associated with each assumption or parameter.

7.12 Analysis S10: Manville Trust Calibrations

This section presents a bridge model in which the SEER data in step 2 of the

first-stage calibration were replaced with corresponding estimates from the

Manville Trust claim data. The purpose of the bridge model was to allow us

to replace the SEER data, which did not provide information on occupation

or industry, with data that provided such information. This can only be done

if we can demonstrate that this data interchange did not seriously distort

the baseline projections developed in Chapter 6. We shall show that this was

indeed the case.

The baseline projections were calibrated both to the SEER data 1975-1989

(first stage) and the Trust claims 1990-1992 (second stage). In this section, we

evaluate three alternatives to the SEER data 1975-1989. First, in Model 1, we

replaced the estimates in Table 6.3 with the diagnosis data for 1975-1989 in

the Trust’s files, displayed in Table 6.5. Recall that Table 6.5 showed claims

of mesothelioma in the Trust’s files, as alleged on the Proof of Claim (POC)

Form, not necessarily diagnoses verified by the Manville Trust as mesothe-

lioma. Second, in Model 2, we used only the data for 1985-1989 from Table 6.5,

ignoring 1975-1984 in the first-stage calibration. In both models, the mesothe-

lioma counts for 1975-1989 (or 1985-1989) were based on year of diagnosis,

not year of claim. The progression of counts of diagnoses from 1975-1990 was

44 in 1975, 263 in 1980, 613 in 1985, 701 in 1986, 713 in 1987, 767 in 1988,

658 in 1989, and 675 in 1990. The peak was in 1988. The dropoff in 1989 and

later likely reflected the lag between diagnosis and claim filing (see Section

6.5.3). Thus, the diagnosis count for 1985-1989 may be an underestimate.

Third, in Model 3, we changed the calibration period to 1990-1994 and

used the Trust’s claim counts for mesothelioma in Table 6.14 for calibration,

along with the table (Table 7.10) of age and date of start of asbestos exposure

for males filing claims in 1990-1992. Because the mesothelioma counts for

1990-1994 in Table 7.10 were based on year of claim, not year of diagnosis,

the dropoff of diagnoses in 1989 and later was not a factor in this alternative

calibration.
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The results are in Table 7.2. Compared with the baseline model, the three

non-SEER mesothelioma models yielded substantially lower projected num-

bers of mesothelioma diagnoses. Because each diagnosis in the Trust data files

corresponded to a filed claim, the ratios of the number of claims under Models

1-3 to the number in the baseline model can be interpreted as projections of

the average propensity to sue (PTS). For the period 1990-2049, these PTS

estimates were 39.9%, 50.0%, and 40.9% for Models 1-3, respectively. These

can be compared with the PTS rates derived from Tables 6.3 and 6.5 (1975-

1989) and Tables 6.11 and 6.14 (1990-1994): 9.5% for 1975-1979, 24.9% for

1980-1984, 40.0% for 1985-1989, and 40.3% for 1990-1994.

The historical PTS rates exhibited substantial increases over the period

1975-1989: This was reflected in a higher projection of mesothelioma and total

claims in Model 1 (30.3% and 15.2% above baseline, respectively). The initial

and projected PTS rates for Models 2 and 3 were close to 40%, except for

Model 2, which projected a 50.0% PTS rate for 1990-2049. Compared with

the baseline model 1990-2049, Model 2 projected 9.6% more mesothelioma

and 0.3% more total claims, and Model 3 projected 5.5% more mesothelioma

claims but 5.1% fewer total claims. Models 2 and 3 yielded projections well

within the uncertainty intervals established for the baseline model in analyses

S1-S9.

In general, the mesothelioma diagnoses (first stage) and claims (second

stage) referred to data from different time periods so that they were not

directly comparable. However, for Model 3, they referred to the same time

period, and with the substitution of claims for diagnoses in step 3 of the

first-stage calibration, they referred to the same set of counts. Thus, the dif-

ference between mesothelioma diagnoses and claims under Model 3 (27,734 vs.

25,693) reflected the differences between the parametric form of the Weibull

hazard rate (first stage) and the nonparametric form of the CHR model (sec-

ond stage). The Weibull model forced an age-independent continuing increase

with TSFE, whereas the CHR model did not. The result was an excess of

about 7.9% diagnoses versus claims under the Weibull assumption. Again,

these differences were well within the uncertainty intervals established for the

baseline model.

The analyses in this section indicated that the projections based on Model

3 were reasonably close to those of the baseline model. The substitution of

the Trust claim data from 1990-1994 for the SEER diagnosis data 1975-1989

appears to be a reasonable method of introducing information on occupation

and industry into the projection model.

7.13 Conclusions

We used the baseline model to project the number of claims against the

Manville Trust, by age and date, for the period 1990-2049. Overall, we pro-

jected 445,751 claims among males, with 24,343 due to mesothelioma. We
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evaluated the sensitivity of these projections to various assumptions of the

model and found the major effect to be in the estimation of the population of

exposed workers. We did not include females in our detailed estimates.

Our projections face two problems. First, our definition of disease involved

a specific hierarchy in which mesothelioma outranked all other diseases, lung

cancer ranked second, and so forth (see Table 6.1). A disease was selected as

the claimed injury only if it outranked all other reported diseases. The oc-

currence of multiple disease/injuries for any given claimant complicated the

specification of disease incidence functions, because they were not indepen-

dent. By selecting the highest ranked disease, we obtained a unique disease

classification for each claimant, and one that was most likely to be consid-

ered by the Manville Trust in its claim settlement process. Nonetheless, the

highest ranked disease/injury alleged on the POC Form was not necessarily

the same as the disease/injury validated by the Manville Trust as part of the

claim settlement process. We need to consider how to translate the projected

counts of alleged diseases into corresponding counts of validated diseases.

Second, we defined the exposed population in terms of IWEs — a concept

introduced by Walker (1982) to reflect the fact that these estimates were

intermediate quantities that canceled out in the forecasting equations. We

tested this assumption in Section 7.5 and found that it was not satisfied at

the range of b values estimated for insulation workers (Model 0 and baseline),

but it was satisfied at b values about one-quarter of that range (Models 3

and 4). In this latter range, there was an approximately linear dose-response

relationship between the number of workers exposed and the projected number

of mesothelioma diagnoses. An evaluation of the uncertainty associated with

the linearity assumption was conducted in analysis S4, where it was shown to

be small.

The IWE assumption might be satisfactory were it not for the complication

that the k parameter in the dose-response function for insulation workers

was up to 1 unit higher than for the general population of exposed workers.

Insulation workers had continual exposures over long durations of asbestos-

related employment. Our approach involved a compromise wherein we selected

the value k = 3.2 as a reasonable estimate of the value characterizing the
general population of exposed workers. Sensitivity analysis S4 indicated the

impact of alternative values: If k = 5.3, then the total claims 1990-2049 would
increase from 445,751 claims to 777,038 — a 74.3% increase. This increase was

sensitive to the estimates for the youngest cohorts, however, and dropped to

53.4% when the cohort aged 15-19 in 1970-1974 was deleted. We believe that

the “correct” k value for use in the general population of exposed workers is

substantially below 4.2, and that is why we chose k = 3.2.
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Forecasts Based on a Hybrid Model

8.1 Introduction

This chapter introduces occupation as a stratifying dimension in our two-stage

projection model. Because occupational information was not provided in the

Surveillance, Epidemiology, and End Results Program (SEER) data files but

was provided in the Manville Trust extract files, we used the results of Section

7.12 to justify replacing the SEER data in the first-stage calibration with the

Trust data under the bridge model (Model 3) (i.e., using mesothelioma claim

estimates for 1990-1994).

In making indirect estimates of past exposure to asbestos using data on

claims against the Trust, we stratified the projection model by occupation, in

addition to the standard covariates (age, sex, and time since first exposure).

This allowed use of Selikoff’s (1981) estimates of relative risk and average

duration within occupation in the context of Walker’s (1982) approach. In

addition, with this hybrid approach, the estimates of past exposure are for real

people, not insulation-worker equivalents (IWEs). Therefore, the projections

to future years can accommodate depletions or decrements due to the rules

against multiple claim filings. This hybrid model is the forecasting structure

that the Rule 706 Panel found most credible.

The introduction of occupation as a stratifying dimension in our projection

model offered the opportunity to restructure and simplify parts of the model.

First, the use of an artificial measure of asbestos exposure (number of IWEs)

was dropped in favor of estimates of the real number of exposed workers in each

occupation. Second, estimates of relative risks of mesothelioma and associated

durations of exposure were introduced for calibrating exposed workers in each

occupation. Third, instead of approximating the effects of different durations

of exposure to asbestos on the power parameter of the Peto et al. (1982)

model, we used the OSHA (1983) form, which directly represented duration

as a parameter of the model, along with a 10-year latency period during

which no mesothelioma incidence could occur. Fourth, the calibration period

was shortened from January 1, 1990 - November 30, 1992 to January 1, 1990

251
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- June 30, 1992 to estimate better the distribution of time since first exposure

for the entire 5-year period 1990-1994 and to eliminate any bias caused by the

change in the Proof of Claim (POC) Forms in August 1992. Fifth, the use of

Trust claims in the first-stage calibration provided direct estimates of the size

of the potential claimant population and resolved sensitivity issues associated

with the youngest cohorts in the SEER-based calibration. Sixth, with direct

estimates of the size of the potential claimant population, it was possible

to simplify the first-stage calibration by dropping steps 8-10. Seventh, with

stratification of the model by occupation, it was possible to further simplify

the first-stage model by dropping steps 5 and 6, so that the only step retained

in the model estimation phase was step 7. Eighth, step 3 of the second-stage

was modified to represent the effects of second-injury claim filing rules on the

pool of potential claimants through new claim depletion rules.

These combined changes yielded a total of 365,615 claims [18.0% lower

than the baseline claim hazard rate (CHR) model in Chapter 6] projected for

1990-2049. The 18.0% decrease represented the net effect of a number of sig-

nificant changes. Without imposing the claim depletion rules, the projection

was 440,375 claims (−1.2%). Thus, the claim depletion rules accounted for

almost all of the overall decrease. The change in calibration period yielded a

0.4% increase in total claims for 1990-1994, but this was composed of an 8.6%

increase in cancer claims and a 0.7% decrease in noncancer claims. Without

claim depletion, the cancer projection for 1990-2049 increased 18.4%; with

claim depletion, the increase was 12.1%. Without claim depletion, the non-

cancer projection for 1990-2049 decreased 4.7%; with claim depletion, the

decrease was 23.4%.

All of these changes were within the uncertainty limits developed in Chap-

ter 7. However, no single model in Chapter 7 came close to capturing the new

pattern here of increasing cancer and decreasing noncancer claims. The best

cancer models were only implicit in sensitivity analysis S4 with increases in

the k parameter and decreases in the b parameter (implying better estimation

of the actual number of workers). The best noncancer models were Models 1

and 2 from sensitivity analysis S9, with asbestos-related noncancer claim rates

declining 3% per year and nonasbestos-related and other diseases declining 1%

per year (implying better estimation of the rates of decline in claim filings).

The preferred projection model in this chapter resolved the major issues iden-

tified in the sensitivity analyses of Chapter 7. The remaining sensitivities will

be analyzed in Chapter 9.

8.2 Model Overview

8.2.1 First Stage

In the first stage, the distribution of all males exposed to Johns-Manville-

produced asbestos and asbestos products, whose initial exposure was prior to
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1975, was estimated by age (5-year groups), time since first exposure (TSFE,

5-year groups) to asbestos, and occupation (eight groups selected to match

closely the categories used by Selikoff and co-workers — details on the construc-

tion of the occupation groups are in Section 8.3; age and TSFE were discussed

in Chapter 6). This distribution was estimated from (1) the number of male

mesothelioma claims against the Trust for 1990-1994 (using data for January

1, 1990 - June 30, 1992), stratified by age, TSFE, and occupation; (2) the

mesothelioma incidence rate stratified by TSFE, for a population with known

relative risk and exposure duration — estimated by refitting the OSHA (1983)

model to insulation worker data from Selikoff and Seidman (1991) (see Table

7.4); and (3) the average duration of exposure to asbestos, and relative risk

of mesothelioma by occupation, for equivalent exposure durations [estimated

from Selikoff (1981)]. Details of this procedure are in Section 8.4.

The first stage consisted of three phases, as in Chapter 6: (1) data prepa-

ration; (2) model estimation; and (3) model projection.

Data Preparation

1. Nonmesothelioma mortality rates. The hazard rates were shown in Table

6.2. We used the analysis in Section 6.5.1.

2. Occupation groups with significant asbestos exposure. To employ Selikoff’s

(1981) relative risk estimates in Table 3.1, we developed an industrial and

occupational classification of the Trust data that closely matched Selikoff’s

(1981) classification. Because the industry/occupation groups differed by

average exposure levels, this step obviated the need for steps 5 and 6 in

Sections 6.5.5 and 6.6.1.

3. Distribution of mesothelioma claim counts 1990-1994 by attained age at

the time of claim and TSFE. We estimated mesothelioma claim counts

from Trust data for attained age groups 15-19, . . . , 95-99 years and TSFE

categories 2.5-7.5, . . . , 92.5-97.5, stratified by occupation. This step re-

placed step 2 in Section 6.5.2, and is similar to the use of Table 6.14 in

Model 3 in Section 7.12.

4. Distribution of mesothelioma claim counts by age at start of exposure and

date of first exposure (DOFE). We estimated mesothelioma claim counts

from Trust data for combinations of age and DOFE categories, stratified

by occupation. This step replaced step 3 in Section 6.5.3, and was similar

to the use of Table 7.10 in Model 3 in Section 7.12. As in Chapters 6 and

7, this step included smoothing of the exposure distribution, but here we

modified the procedure to reflect the impact of WWII on the 1940-1944

estimates.

5. Normalization of exposure. We normalized the matrix from step 4 by cohort

so that the cohort sum represented unit probability mass. This was similar

to step 4 of Section 6.5.4.
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Model Estimation

6. Estimation of the OSHA model for mesothelioma mortality. The OSHA

model generalized the Weibull incidence model used by Peto et al. (1982).

We developed parameter estimates for this model that took into account

the different relative risks and average exposure durations in the occupa-

tion groups. This did not correspond to any of the steps in Chapter 6. It

was similar to the analyses in Section 7.5.

7. Estimation of the population exposed to asbestos prior to 1975. We calcu-

lated the size of the population exposed to asbestos prior to 1975 necessary

to yield the Trust claim counts from step 3 for 1990-1994, stratified by oc-

cupation, using the OSHA model from step 6, under the assumption that

the timing and number of mesothelioma deaths and claims were identical

in the at-risk population during 1990-1994. This step was similar to step

7 in Section 6.6.2. Furthermore, because step 3 provided data on TSFE,

this step obviated the need for steps 8-10 in Section 6.6. It could be argued

that this step obviated the need for steps 4 and 5 in this chapter. These

steps were retained primarily to accommodate the smoothing procedure

and the special handling of WWII estimates.

Model Projection

8. First-stage calibration. We used the modified forward projection equation

to project the at-risk population from the age and date of initial exposure

to the projection periods 1990-1994, 1995-1999, . . . , 2045-2049, stratified

by occupation. This step was similar to step 11 of Section 6.7.1.

9. Forward projection of mesothelioma mortality. We used the forward pro-

jection equation to project mesothelioma deaths throughout the period

1990-2049, stratified by occupation. This step was similar to step 12 of

Section 6.7.2.

8.2.2 Second Stage

In the second stage, the claim filing rates for 1990-1994 were computed by

age, TSFE, occupation, and type of disease, or injury, alleged to have resulted

from exposure to Johns-Manville asbestos. The estimates were made for nine

classes of alleged disease/injury identified on the POC Form. The male claim

experience from January 1, 1990 to June 30, 1992 was extended to 1990-1994

by assuming the monthly claim filing counts were constant within disease and

DOFE groups. For each of nine diseases, the claim counts were tabulated by

age, TSFE, and occupation, and matched to the corresponding exposed pop-

ulation counts (available from the first-stage calibration). From these data,

disease-specific claim filing rates were calculated by age, TSFE, and occupa-

tion for the period 1990-1994. The projection model exactly reproduced the
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age, occupation, and disease-specific male claim counts estimated for the pe-

riod 1990-1994. This guaranteed that the initial conditions for the projections

were based on plausible Trust claim estimates.

For each 5-year period starting with 1990-1994 and ending with 2045-

2049, the disease-specific claim filing rates were multiplied by the surviving

exposed population counts, specific to age, TSFE, and occupation to project

the future number of claims against the Trust. The total number of male

claims was obtained by summing over age, period, TSFE, occupation, and

disease.

The second stage consisted of four steps that expanded the procedures

used in Chapter 6 to reflect the process of claims depletion:

1. Distribution of disease-specific claim counts 1990-1994 by attained age at

the time of claim and TSFE. We estimated disease-specific claim counts

for combinations of attained age and TSFE categories, stratified by occu-

pation. Three sets of criteria were used in assigning each claim to a disease

category. This step expanded the procedures in step 1 of Section 6.8.1.

2. Second-stage calibration. We estimated CHRs for each disease defined in

step 1, by attained age and TSFE, stratified by occupation. This step was

similar to step 2 of Section 6.8.2.

3. At-risk population projections. Using the rules for filing multiple claims,

we used the CHRs from step 2 to decrement the at-risk population for

1990-1994 estimated from step 9 of the first stage, to project the at-risk

population for each type of claim for 1995-1999, . . . , 2045-2049, stratified

by occupation. Three sets of rules were used in these calculations. This

step did not correspond to any of the steps in Chapter 6.

4. Claim projections. We applied the CHRs from step 2 to the appropriate at-

risk population estimate from step 3 to project the disease-specific claims

for 1990-1994, 1995-1999, . . . , 2045-2049, by occupation. This step was

similar to step 3 of Section 6.8.3.

8.3 Data Preparation

8.3.1 Step 1: Nonmesothelioma Mortality Rates

This step was described in Section 6.5.1 and the results for 1985-2049 were pre-

sented in Table 6.2. Sensitivity analyses in Sections 7.8 and 7.9 indicated little

sensitivity to the assumptions about nonmesothelioma mortality rates. As a

consequence, we assumed that the same rates applied to all occupations, and

dispensed with Walker’s (1982) assumption of 37% excess mortality among

insulation workers. This was motivated, in part, by the standardized mortal-

ity ratios (SMRs) in Table 2.1 which indicated that mortality for noncancer

causes was at most 1-9% higher than expected for insulation workers, but was

at least 5-9% lower than expected when asbestosis and other noninfectious
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respiratory diseases were excluded. Because our projections account for the

impact of asbestos-related diseases through the claim depletion calculations,

it would be inappropriate to reflect the effects of these same diseases through

the mortality calculations. The nonmesothelioma mortality rates reflect the

mortality rates faced by the general population.

8.3.2 Step 2: Occupation Groups with Significant Asbestos

Exposure

Our objective in this step was to develop a set of occupation codes that closely

matched the categories of Selikoff (1981). To accomplish this, we employed the

occupation and business-type codes for the first reported occupational expo-

sure in the Manville Trust extract files (see Section 6.5.3). Those occupation

codes were self-assigned by the claimant on the POC Form:

Occupation Description

A Factory worker - asbestos as raw material

F Friction materials worker

I Insulator

S Shipyard worker

R Roofer

W Factory worker - other

O Other

U Unknown

Business type was indicated by the claimant in free format on the POC

Form. Each entry was interpreted and classified by the Trust into one of

200 categories of business type. The joint frequencies of business type and

occupation code are contained in Table 8.1.

Our analysis of Table 8.1 led to a sequence of three classification systems,

or recodes, for occupation, designated R1, R2, and R3. All of the projections

were based on the R3 recode which was derived from the R1 and R2 recodes.

To develop the R1 recode, we observed that the business types in Table 8.1

were initially classified by the Trust into 25 business categories. We collapsed

those categories to a set of 11 industry groups plus a residual based on the

descriptions provided by Selikoff (1981) (see Section 3.3.1). This yielded the

R1 recode.

Table 8.1 shows that there was substantial occupational asbestos exposure

in some lower-ranked R1 industries. Selikoff (1981) classified occupation and

industry in a hierarchy that cut across both dimensions (see Section 3.3.1).

We followed this strategy in our R2 recode of occupation using the following

rule:

If occupation code is not any one of A, F, I, S, or R,then R2 = R1;

else if occupation code = A then R2 = 1;

else if occupation code = F then R2 = 2;
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else if occupation code = I then R2 = 3;

else if occupation code = S then R2 = 4;

else if occupation code = R then R2 = 5.

The category names for the R2 recode were the same as for the R1 re-

code, but the classification system was better because it allowed variations in

occupational exposures within each industry. The need for such supplemental

information was described by Selikoff (1981). Our information was limited to

that in Table 8.1, so the correspondence of the R2 recode to Selikoff’s classi-

fication system was a rough approximation.

Figure 8.1 displays the distribution of claims by R2 occupation group

and DOFE. Figure 8.2 displays the distribution of claims by disease (most

severe alleged disease on the POC Form) and DOFE. Figure 8.3 displays

the distribution of mesothelioma claims by R2 occupation group and DOFE.

Figure 8.4 displays the distribution of mesothelioma claims filed in 1990-1992

by R2 occupation group and DOFE.

Our approach required one additional adjustment which created the R3

occupation recode: Groups 6, 7, 8, 9, and 11 of the R2 occupation recode

were aggregated into one group (group 6) of the eight-group R3 occupation

recode. Group 6 of the R3 recode was labeled Util/Trans/Chem/Longshore.

This adjustment was required to increase the sample size for the first-stage

calibration of the exposed population in this occupation group to a level com-

parable to the other groups: 12.0% of male mesothelioma claims in 1990-1994

fell into group 6 of the R3 recode.

Henceforth, all references to industries or occupation will be references to

the R3 occupation groups.

The aggregate claims in Figure 8.4 were used to calibrate the bridge model

projection (Model 3) in Section 7.12. The bridge model yielded 423,200 claims

for 1990-2049, which compared well (−5.1%) with the 445,751 claims under the
baseline projection in Chapter 6. With the mesothelioma claims for 1990-1994

in the bridge model stratified by occupation, we could produce projections of

future claims by occupation.

8.3.3 Step 3: Distribution of Mesothelioma Claim Counts

1990-1994 by Attained Age at the Time of Claim and TSFE

This step generated estimates of mesothelioma claim counts 1990-1994 by

attained age at the time of claim and TSFE. This differed from step 2 in

Section 6.5.2 because the SEER data did not record TSFE. The information

on TSFE in this step could be coordinated with the information on DOFE

in the next step, if appropriate assumptions were made to extend the claim

counts observed in the calibration period in 1990-1992 to the full 5 years

1990-1994.

To develop consistent estimates, we shortened the calibration period by 5

months and assumed that the filing counts for each cohort would be the same
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in 1990 to mid-1992 and mid-1992 to 1994. The 5-year counts were assumed

to be double the 2.5-year counts.

Dropping the final 5 months of claims simplified the procedure. It also

removed some minor biases from the claim data series due to changes in the

POC Form in August 1992 (see Figures 6.2-6.6).

Hence, we restricted claim data in the first-stage calibration to the period

January 1, 1990 - June 30, 1992. Counts of these claims were tabulated for

males in two separate ways: (1) by attained age at claim filing (CAGE), TSFE,

occupation, and most severe alleged disease and (2) by age at first exposure,

DOFE, occupation, and most severe alleged disease. Both tabulations were

extended to cover the period July 1, 1992 - December 31, 1994 by matching

each observed claim with an imputed claim at age = CAGE + 2.5 years and

time = TSFE + 2.5 years. This doubled the counts because the observation

period was exactly half the required period. Because both age (CAGE) and

time (TSFE) were incremented by the same 2.5-year constant for the imputed

claim, the initial exposure date (DOFE) was held constant. The mesothelioma

counts in the first tabulation replaced the mesothelioma counts in Table 6.14.

The mesothelioma counts in the second tabulation replaced the mesothelioma

counts in Table 7.10. Both tables were essential to the specification of the

bridge model in Section 7.12.

Table 8.2 contains summary statistics from tabulation 1, by age and dis-

ease. Compared with the results in Table 6.14, the total number of claims

1990-1994 in Table 8.2 (excluding unknown age) is 1.7% higher; for mesothe-

lioma, the corresponding increase is 8.0%. These changes were due solely to

the revisions to the calibration period.

The age distribution of the 3916 mesothelioma claims in Table 8.2 com-

pletes the requirements of step 3. The stratification by TSFE and the inclusion

of the other eight diseases satisfy additional requirements of step 1 in the sec-

ond stage.

8.3.4 Step 4: Distribution of Mesothelioma Claim Counts by Age

at Start of Exposure and Date of First Exposure

The objective of this step inWalker’s (1982) model was to allocate the mesothe-

lioma estimates from SEER according to either DOFE or TSFE for use in the

backward projection equation in step 7 of Section 6.6.2. We replaced the SEER

estimates with Trust claim estimates. Hence, consistency of steps 3 and 4, not

allocation of exposure dates in step 3, is the issue.

Table 8.3 contains summary statistics from tabulation 2 by age and DOFE

and by occupation and DOFE for mesothelioma claims.

The mesothelioma counts in Table 8.3 were adjusted in three ways: (1)

exposures initiating below age 15 were deleted and the claims were treated

as unknown age; (2) exposure counts were smoothed using the procedure in

step 3 of Section 6.5.3 — except for DOFE = 1940-1944, which was allowed
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to retain its excess counts, compared to the average of 1945-1949 and 1950-

1954, to avoid distorting the WWII exposures in the shipbuilding and repair

industry (see Figure 8.4); and (3) exposures initiating after 1974 were deleted

and the claims were treated as unknown DOFE.

8.3.5 Step 5: Normalization of Exposure

We converted the exposure counts from step 4 for each occupation to the rel-

ative frequencies within each cohort along the diagonals of the age by DOFE

table, with all probability mass restricted to ages 15 and older in the inter-

vals 1915-1919 to 1970-1974. This followed the procedure in step 4 of Section

6.5.4. The normalized value for each DOFE represented the probability that

a mesothelioma claim filed in 1990-1994 had first exposure to Johns-Manville

asbestos at that date and age (note: age at first exposure plus TSFE equals

attained age when filing claim).

Table 8.4 contains the marginal counts of male mesothelioma claims in

1990-1994, by attained age and occupation, obtained from applying the nor-

malization factors to the age-specific mesothelioma claim counts for 1990-1994

obtained in step 3. Comparison with Table 8.2 shows that 25 mesothelioma

claims (0.64%) were deleted from the analysis, primarily as a result of the

restrictions on age at first exposure (≥15) and DOFE (<1975).
Because the mesothelioma distribution was used to infer the size of the

exposed population, it was necessary to impose similar restrictions on the

ages and dates of first exposures for the other diseases. The revised counts for

the other diseases are displayed in Table 8.4. Compared with Table 8.2, the

declines were larger than for mesothelioma: lung cancer, −0.6%; colon/rectal
cancer, −0.5%; other cancer, −2.3%; asbestosis, −1.4%; disputed asbesto-
sis, −1.5%; pleural plaques/thickening, −1.3%; nonasbestos-related diseases,
−6.2%; unknown diseases (missing diagnosis/no record), −16.8%.
Overall, 2214 claims (2.5%) initially estimated for 1990-1994 were deleted,

with 1746 too young (age < 35) to satisfy the exposure restriction; 1224 were

nonasbestos-related or unknown disease; and 1087 were of other or unknown

occupation. We chose not to restore these claims by pro rata increase in the

retained claims because the deleted claims were not a random sample; they

were a subgroup with less reliable information. The 86,606 claims retained

were 0.4% higher than the number (86,248) retained for 1990-1994 in Table

6.16. These retained claims formed the basic counts used in step 1 of the

second stage.

8.4 Model Estimation

8.4.1 Step 6: Estimation of the OSHA Model for Mesothelioma

The general expression for the rate of mortality due to mesothelioma, as a

function of t = TSFE, d = duration of exposure (assumed continuous at a



274 8 Forecasts Based on a Hybrid Model

T
a

b
le

 8
.4

: 
 E

st
im

at
ed

 N
u

m
b

er
 o

f 
Q

u
al

if
ie

d
 M

a
le

 C
la

im
s 

A
g

a
in

st
 t

h
e 

M
a

n
vi

lle
 T

ru
st

 b
y 

A
ll

e
g

ed
 D

is
ea

se
/I

n
ju

ry
 a

n
d

 A
g

e 
a

t 
C

la
im

 1
99

0
-1

99
4 

o
r 

O
cc

u
p

a
ti

o
n

 a
t 

S
ta

rt
 o

f 
E

xp
o

su
re

  
– 

B
as

ed
 o

n
 O

b
se

rv
ed

 C
la

im
s,

 J
an

u
ar

y 
19

90
 t

o
 J

u
n

e 
1

99
2

M
o

st
 S

ev
e

re
 A

lle
ge

d 
D

is
ea

se
/I

n
ju

ry

A
g

e/
 

O
cc

u
p

a
tio

n
M

es
o

-
th

e
lio

m
a

L
u

n
g

 
C

a
n

ce
r

C
o

lo
n

/ 
R

e
ct

a
l 

C
a

n
ce

r
O

th
e

r 
C

a
nc

e
r

A
sb

e
st

os
is

D
is

p
u

te
d

 
A

sb
e

st
o

si
s

P
le

u
ra

l 
P

la
q

u
es

/ 
T

hi
ck

e
n

in
g

N
o

n
a

sb
e

st
o

s 
R

e
la

te
d

 
D

is
ea

se
U

n
kn

o
w

n
 

D
is

e
a

se
T

o
ta

l

15
-1

9
0

0
0

0
0

0
0

0
0

0
20

-2
4

0
0

0
0

0
0

0
0

0
0

25
-2

9
0

0
0

0
0

0
0

0
0

0
30

-3
4

0
0

0
0

0
0

0
0

0
0

35
-3

9
4

1
0

0
0

39
5

1
7

8
9

8
1

4
6

7
0

5
40

-4
4

4
3

3
5

3
6

1
,8

2
5

4
9

3
5

1
8

49
3

3
20

3,
7

3
6

45
-4

9
9

0
1

3
3

1
5

1
5

2
,5

8
8

8
6

9
9

4
5

51
7

2
50

5,
4

2
2

50
-5

4
2

1
4

2
4

7
1

5
2

5
3

,2
5

4
1

,2
9

8
1

,3
6

6
73

0
2

37
7,

3
8

6
55

-5
9

3
3

2
5

1
6

5
7

9
5

4
,3

8
4

1
,7

5
1

1
,8

7
9

93
1

3
06

1
0,

2
5

1
60

-6
4

5
5

6
1,

0
1

2
10

9
1

7
5

5
,9

7
3

2
,3

2
6

2
,4

9
6

1
,5

2
7

4
48

1
4,

6
2

2
65

-6
9

7
6

5
1,

3
4

4
19

0
2

2
9

7
,0

8
2

2
,7

2
3

2
,6

5
7

2
,0

7
0

4
61

1
7,

5
2

1
70

-7
4

8
0

1
1,

2
0

3
15

1
1

9
3

5
,3

1
4

1
,9

7
8

1
,8

8
0

1
,4

7
2

4
79

1
3,

4
7

1
75

-7
9

6
2

8
8

9
2

10
8

1
2

5
3

,3
2

7
1

,1
4

3
1

,0
3

5
83

4
3

36
8,

4
2

8
80

-8
4

3
1

1
4

0
8

6
6

6
4

1
,4

6
1

4
3

3
3

7
6

42
3

2
18

3,
7

6
0

85
-8

9
1

2
5

1
2

3
1

3
1

8
47

1
1

3
3

1
1

1
11

5
23

1,
1

3
2

90
-9

4
2

2
1

8
1

1
7

1
1

2
1

3
2

8
6

1
7

2
95

-9
9

0
0

0
0

0
0

0
0

0
0

1.
 A

: 
P

ri
m

a
ry

 M
a

n
u

fa
ct

u
ri

n
g

2
7

0
4

1
4

4
2

4
4

2
,2

1
4

4
7

8
1

,1
6

0
10

5
32

4,
7

5
9

2.
 F

: 
S

e
co

nd
a

ry
 M

a
nu

fa
ct

u
ri

n
g

3
7

6
9

5
2

16
5

1
9

5
4

,9
5

0
2

,4
7

9
2

,8
0

2
32

5
1

26
1

2,
3

7
0

3.
 I

: 
In

su
la

tio
n

 W
or

k
4

4
8

7
8

4
12

0
1

0
4

4
,2

4
4

1
,4

7
9

1
,6

6
0

38
7

55
9,

2
8

1
4.

 S
: 

S
h

ip
b

ui
ld

in
g

 a
n

d
 R

e
p

a
ir

1
,0

3
8

1,
0

9
0

9
9

1
5

6
7

,3
5

7
1

,2
1

0
1

,6
8

8
45

0
1

72
1

3,
2

6
0

5.
 R

: 
C

o
n

st
ru

ct
io

n
 T

ra
d

e
s

3
5

1
4

9
4

4
6

7
9

2
,1

4
4

8
0

2
9

2
6

34
7

28
5,

2
1

7
6.

 U
til

/T
ra

n
s/

C
h

e
m

/L
o

n
g

sh
o

re
4

6
6

1,
0

9
2

15
0

1
8

7
9

,3
8

8
2

,9
6

4
2

,8
6

0
4

,3
7

3
1

80
2

1,
6

6
0

7.
 M

ili
ta

ry
3

6
3

2
4

5
2

4
2

7
93

9
2

5
9

4
2

2
7

9
14

2,
3

7
2

8.
 O

th
e

r/
U

nk
n

o
w

n
5

7
9

8
7

0
8

2
1

5
4

4
,9

0
9

3
,6

6
6

1
,8

5
6

3
,0

8
8

2
,4

83
1

7,
6

8
7

T
o

ta
l

3
,8

9
1

5,
9

4
1

72
8

9
4

6
3

6
,1

4
5

1
3

,3
3

7
1

3
,3

7
4

9
,1

5
4

3
,0

90
8

6,
6

0
6

S
o

ur
ce

: 
 S

ta
lla

rd
 a

n
d

 M
a

n
to

n 
(1

9
94

, 
A

p
p

e
n

d
ix

 B
, 

R
e

p
or

t 
3

).



8.4 Model Estimation 275

constant intensity from start to end), and w = latency (the time during which

no incidence can occur — this is the time for the disease to undergo preclinical

development, and, in the case of a mortality model, it includes the period in

which the disease is clinically manifest), was given by OSHA (1983, p. 51,124)

and EPA (1986, p. 85), and was presented in Section 2.4. Generalizing the

Weibull parameterization in Section 6.6.2 to the OSHA hazard rate form, we

obtain an equivalent expression:

It =

0 (t ≤ w)
b(t−w)k (w < t ≤ w + d)
b(t−w)k − b(t−w − d)k (w + d < t),

where b is a scale parameter and k is a shape parameter. The OSHA model

fixed the latency time w at 10 years and the exponent k equal to 3. Peto et

al. (1982) considered the three-parameter form of the Weibull model,

It = b(t−w)k,

with w = 10 years and found that it fit their data better than their basic
two-parameter Weibull model (with w = 0 years) up to 15 years after first
exposure, and that it fit equally well thereafter. Peto et al. (1982) also dis-

cussed the impact of duration on the incidence function, although they did

not present a fully parameterized model such as provided by OSHA (1983).

Setting w = 0 and d > t in the OSHA model retrieves the basic Weibull

hazard form used by Peto et al. (1982) (i.e., the hazard rate at time t for

exposure initiated at time 0). The expression following the minus sign in the

third line of the OSHA equation represents a hazard rate at time t for exposure

initiated at time d, rather than at time 0. Termination of exposure at time

d reduces the hazard at t associated with continuous constant exposure over

the interval (0, t) by the hazard at t associated with continuous constant

exposure over the subinterval (d, t). The third line of the OSHA equation

represents the hazard at t associated with continuous constant exposure over

the complementary subinterval (0, d).

Three approximations are of interest. First, for short-duration exposures,

we used a Taylor series expansion about d = 0, retaining terms up to the
first-order derivative, to obtain

I
(1)
t (d) ≈ dbk(t−w)k−1 (t > w),

which shows that the impact of short-duration exposures is approximately

proportional to duration of exposure with an increase, for w = 0, as the k− 1
power of TSFE. This is similar to the assumption used by Selikoff (1981) (see

Section 3.3.4b), except that k − 1 replaces k in the exponent.
Second, for intermediate-duration exposures, using a mean-value approxi-

mation, we obtain

I
(2)
t (d) ≈ dbk(t−w − d/2)k−1 (t > w + d/2),
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which better approximates the OSHA model than the Taylor series approx-

imation. However, the hazard is no longer strictly proportional to duration

of exposure. The approximation works best when t−w is large, say, at least

twice d.

Third, for very long-duration exposures, the OSHA hazard rate can be

approximated with a Weibull hazard form:

I
(3)
t (d) ≈ b(t−w)k (t > w).

For this approximation, the relative error is

Rt =


0 (t ≤ w + d)µ
t−w − d

t−w

¶k
(t > w + d) .

This approximation can be useful for analyzing data on insulation workers.

Selikoff and Seidman (1991) presented data on the timing of 458 mesothe-

lioma deaths among 17,800 North American insulation workers in 1967-1986.

These data, reproduced in Table 7.4, included a subset of 409 deaths with

TSFE ranging from 15 to 49 years. Section 7.5 discussed parameter estima-

tion for the Weibull model; parameter estimates and goodness-of-fit statistics

were presented in Table 7.5 for the Peto et al. (1982) form of the model with

w = 0. The EPA (1986) selected this same study for detailed analysis and

assumed average duration of employment (d) to be 25 years. Selikoff and Sei-

dman (1991) did not provide this value nor did the EPA explain its calculation.

A similar 25-year figure was cited by Selikoff (1981) (see Section 3.3.4b) in

conjunction with his mesothelioma projection model using the ratio of em-

ployment time to 25 years as a multiplicative factor applied to the insulator

risk function. However, this approach was not equivalent to the OSHA model

because it did not reduce the exponent in the first or second approximation

from k to k − 1.
To fit the OSHA model to the data in Table 7.4, with w = 10 years by

assumption, we required the average duration of exposure for all the TSFE

categories with exposure terminating, on average, more than 10 years prior to

the midpoint of the TSFE category. If exposure terminates within the interval

(t−w, t), then the OSHA model retains a simple Weibull form:

It = b(t−w)k, (0 < t−w ≤ d)

and the value of d is not needed if t− d ≤ w.

Because Selikoff and Seidman (1991) did not provide duration data, we

developed our own estimates. Selikoff (1979, Table 10) provided the joint dis-

tribution of age and TSFE for the 17,800 North American insulation workers

enrolled in the study. These were used in Table 8.5 to estimate the average

hiring age and average duration of exposure for this cohort. The average hir-

ing age ranged from 22.0 to 26.1 years, with an overall average of 23.9 years

and with the highest age corresponding to WWII.
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To compute duration of employment, we made two assumptions:

(1) All union members below age 65 were actively employed in insulation work.

(2) All union members at age 65 and older were retired.

These assumptions were reasonable because workers who had permanently

left insulation work were unlikely to maintain their union membership. The

use of age 65 as the average retirement age in Assumptions 1 and 2 is consistent

with Selikoff (1981, Table 2-3). Male labor force participation rates in the late

1960s were still close to 70% at age 64 (Quinn and Burkhauser, 1994, p. 53).

It is unlikely that a significant number would have retired before age 65.

For each age group of 65 or more years, we defined the retirement adjuster

in Table 8.5 as the difference between the midpoint of each indicated age

group and the assumed retirement age (65). This value was subtracted from

the average TSFE to obtain the average duration of exposure for the age

group. We defined the average time since separation (TSS) as the weighted

average of the retirement adjusters using the age-specific number of insulation

workers within each indicated TSFE group as the weights. The average TSS

was subtracted from the TSFE midpoint to obtain the average duration for

the TSFE group.

Table 8.5 shows that the overall average TSS was 0.33 years and, within

the range 15-49 years TSFE, the average TSS was in the range 0.03-3.55 years.

Thus, the simple Weibull form of the OSHA model could be used for modeling

the incidence of mesothelioma in this cohort for w ≥ 3.55 years.
However, some union members may have voluntarily separated from in-

sulation work prior to retirement during the 20-year epidemiologic follow-up.

Unfortunately, we lacked information on separation rates by age and TSFE

for this cohort. To deal with the effect of separations, we considered the dis-

tribution of person-years of observation by age and TSFE reported in Table

8.6 for this cohort (Selikoff and Seidman, 1991, Table 1).

We made two additional assumptions:

(3) Active workers voluntarily separated from insulation work at an annualized

rate of 6% per year.

(4) The person-years of observation within age and TSFE categories in Table

8.5 were concentrated at the midpoint age, but were uniformly distributed

along TSFE and time of follow-up (TOFU).

The choice of a 6% voluntary separation rate was based on aggregate data

in Selikoff (1981, Table 2-3), in which 11,700 of the 17,800 members separated

from the union during 1967-1980, implying an average total separation haz-

ard rate of 8.2% per year. With an estimated 3075 deaths during 1967-1980

(interpolating from 2271 deaths in 1967-1976 to 4951 deaths in 1967-1986),

the voluntary separation rate must have been about 6%.

The assumption of a uniform distribution of TOFU was based on the

observations that, compared with Table 8.5, the average hiring age in Table 8.6
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remained quite near to 23.9 years, the average TSFE among retirees increased

only slightly from 40.8 to 41.3 years, and the average TSFE among insulation

workers with TSFE in the range 20-54 years increased only slightly from 30.0

to 30.2 years. Thus, for each combination of age and TSFE (beyond the first

two TSFE groups, 0-19 years TSFE), there was an approximate equilibrium

between persons entering and exiting the cell over the 20-year follow-up.

With the above assumptions, the average TSS within a typical cell of Table

8.6, with age < 65 and TSFE ≥ 20 years, was

E(TSS) =
1

20

Z 20

0

·
y − 1

0.06
(1− e−0.06y)

¸
dy = 3.04,

where the second term in the integrand is the mean work time under a trun-

cated exponential distribution with maximum value equal to y (i.e., as mea-

sured from the time of initial observation in Table 8.5 to the time for which

person-years of exposure were recorded in Table 8.6). For ages above age 65,

the maximum value was reduced by the retirement adjuster in Table 8.5. For

TSFE values below 20 years, the TSS was further restricted not to exceed

TSFE. The constant 20 was derived from the uniform distribution of TOFU

in Assumption 4 over the 20-year follow-up. For each value of TOFU, the

difference between the maximum possible work time and the mean work time

was equal to the mean time since separation (TSS), as illustrated in the above

integrand.

Table 8.6 shows that the overall average TSS was 2.99 years, and within

the range 15-49 years of TSFE, the average TSS was in the range 2.45-6.71

years. Thus, the simple Weibull form of the OSHA model applied for w ≥ 6.71
years.

Table 8.6 also presents average TSS estimates under “best case” and “worst

case” scenarios. The best case assumed no voluntary separation prior to re-

tirement; the worst case assumed all active workers separate immediately fol-

lowing the initiation of the study.

The overall average TSS in the worst case was 8.96 years, and within the

range 15-49 years of TSFE, the average TSS was in the range 8.81-11.23 years.

For the worst case, the use of the simple Weibull model could require the use of

the third approximation, I
(3)
t (d), developed earlier. With the latency constant

w equal to 10 years in the OSHA model, the relative error in the worst case

was at TSFE group 45-49 years, for example,

R47.5 =

µ
47.5− 10− 36.27

47.5− 10
¶k
=

µ
1.23

37.5

¶k
< 0.0011 (k ≥ 2).

Even with the latency constant set to zero, the relative error in the worst case

was trivial for large enough k, for example,

R47.5 =

µ
47.5− 36.27

47.5

¶k
=

µ
11.23

47.5

¶k
< 0.0031 (k ≥ 4).
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Table 8.7:  Parameter Estimates and Standard Errors for Mesothelioma Deaths Among 
17,800 North American Insulation Workers

Std. Std. Chi-
k  Error b      Error w Squared

Model k b

Estimates based on TSFEs 15-49

0 3.20 — 3.58E-08 1.8E-09 0 40.43
1 4.18 0.208 1.14E-09 8.5E-10 0 17.08
2 4.00 — 2.15E-09 1.1E-10 0 17.82
3 3.00 — 2.18E-07 1.1E-08 10 11.06
4 2.83 0.148 3.77E-07 1.8E-07 10 9.74
5 2.00 — 5.13E-06 2.5E-07 10 44.11

Source:  Stallard and Manton (1994, Appendix B, Table 1).

These results indicated that the analysis of Selikoff and Seidman’s (1991)

insulation worker data for 15-49 years TSFE can be conducted using a fully

parameterized form of the OSHA (1983) model, which can be approximated

to a high degree of accuracy by the Weibull hazard rate model as specified in

Section 7.5 for the no-latency case. The accuracy of theWeibull approximation

improves for the 10-year latency case, which was recommended by Peto et al.

(1982) and OSHA (1983). Thus, it is important to determine whether the

10-year latency model provides a better fit to the data than the no-latency

model.

The relative error in the Weibull approximation increased substantially for

TSFE > 50 years. Given the inconsistencies noted for this range of TSFE in

Section 7.5, we restricted our current analysis to the range 15-49 years TSFE.

Six models were estimated, based on the Weibull approximation to the

OSHA (1983) model. The parameter estimates and test statistics are presented

in Table 8.7.

Models 0-2 are no-latency models; Models 3-5 are 10-year latency models.

Models 1 and 4 permit k to attain its unrestricted MLE value; Models 2, 3

and 5 restrict k to integer values. For Models 0 and 5, k was set to the values

recommended by Peto et al. (1982, p. 132) for no-latency and 10-year latency

models, respectively. For Model 2, k was set to the upper limit of the range

cited by Peto et al. (1982); for Model 3, k was set to the value cited by OSHA

(1983). Models 0 and 1 are the same as Models 0 and 1 in Table 7.5.

Of the six models, only Models 3 and 4 provided acceptable statistical fits

to these data (p > 0.05). Model 3 was the form reported by the EPA (1986,

p. 90), except that they reported b = 2.25 × 10−7 (+3.2%; our notation,
where b = KM × f in their notation — see Section 2.4). Model 3 was also the

basis of the Resource Planning Corporation (RPC) (1993) model, except that
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they assumed that b = 4.37 × 10−8 (−80.1%) would be appropriate for the
average worker exposed to Johns-Manville asbestos. Model 4 was the best-

fitting model; its estimates of b and k were used in all further calculations in

this chapter. The larger standard errors in Model 4 (and 1) were due to the

extremely large sampling correlation of −0.995 between b and k. When k was
fixed (as in Models 2, 3, and 5), the b estimate was quite precise.

Model 5 was the latency form preferred by Peto et al. (1982). Although

the fit to the Selikoff and Seidman (1991) data was poor, as was the fit of

Peto et al.’s (1982) no-latency form (Model 0), the fit of each model to their

own data was excellent (i.e., χ2 ≤ 4.06; 5 d.f.).
The parameters in Table 8.7 were modified to reflect the relative intensity

and absolute duration of exposures in the eight occupation groups defined in

step 2. To do this, we relied extensively on estimates produced by Selikoff

(1981) (see Sections 3.3.1-3.3.2). The results are in Table 8.8.

The estimates of relative risks of mesothelioma in Table 8.8 were taken

directly from Selikoff (1981, Table 2-16) for occupation groups 1-5. The esti-

mates of average duration of exposure for occupation groups 1-5 were taken

from Selikoff (1981, Table 2-13), using the average of the two values reported

for 1950-1959 and 1960-1969.

Occupation group 6 required special treatment because it was an aggregate

of five groups in the R2 occupation classification (see step 2), and these did not

completely match Selikoff’s groups (see footnotes 3 and 4 in Table 8.8). The

weighted average relative risk was 10% and the average duration was rounded

to 7 years because the occupational match was only approximate. As noted in

footnote 5 in Table 8.8, the implied intensity of exposure at 10% relative risk

is approximately equal to the 1976 OSHA standard for permissible exposure:

2 f/ml (OSHA, 1983, p. 51,087).

Occupation groups 7 and 8 had no correspondence in Selikoff’s (1981)

classification. It was necessary to make some assumptions to proceed with the

model specification.

We were guided by two considerations. First, the average cumulative ex-

posure in occupation groups 1-5 should have been higher than in groups 6-8,

because the former were the main groups with significant occupational ex-

posure (Selikoff, 1981) (see Section 3.3.1). Our classification reinforced this

difference by including the self-reported occupation codes (A, F, I, S, and R;

see step 2) with the first five R1-industry groups to form the R2 (and R3) clas-

sifications. Second, to the extent that the cumulative exposure in occupation

groups 6-8 was substantially lower, the sensitivity to additional proportional

changes in relative risk was minimal (see Section 7.5). The remaining sensitiv-

ity reflected changes in the depletion of the pool of surviving exposed workers

as the initial pool was altered.

We approximated the relative risk for occupation groups 7 and 8 as 10% of

the risk of insulation workers. This level roughly approximated the 1976 OSHA

standard for ambient asbestos concentrations (Table 8.8, footnote 5). The

average duration of exposure for occupation group 7 (Military) was assumed
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Table 8.8:  Estimates of Relative Risk and Average Duration of Employment in Asbestos-
Exposed Workers

Relative Risk of 
Mesothelioma

Average Duration of 
Occupational Exposure

R3 Occupation

From 
Selikoff 
(1981)

From 
Stallard and 

Manton 
(1994)

From 
Selikoff 
(1981)

From 
Stallard and 

Manton 
(1994)

1. A: Primary Manufacturing 1.00 1.00 3.65 3.65
2. F: Secondary Manufacturing 0.50 0.50 3.75 3.75

3. I: Insulation Work 1.00 1.00 14.15 14.15

4. S: Shipbuilding and Repair 0.50 0.50 4.75 4.75
5. R: Construction Trades 0.15-0.251 0.20 7.90 7.90

6. Util/Trans/Chem/Longshore   0.10 2 0.10   6.76 2   7.00 6

R2-6: Railroad Engine Repair 0.20 — 7.70 —

R2-7: Utility Services   0.18 3 — 6.00 —

R2-8: Chemical/Petrochemical 0.15 — 8.05 —
R2-9: Maritime/Longshore   0.10 4 — 7.60 —
R2-11: Automobile 0.04 — 6.85 —

 Maintenance/Repair

7. Military —   0.10 5 —   4.00 7

8. Other/Unknown —   0.10 5 —   7.00 8

Notes –

1. Higher risk refers to years 1958-1972 when the use of sprayed asbestos-fireproofing

was common.

2. Weighted average of R2 Industry/Occupation groups 6-9 and 11.
3. Estimate is weighted average of values for (1) stationary engineers and firemen and (2)

utility services – see Table 3.1 of Chapter 3.

4. Selikoff's estimate refers to Marine Engine Room Personnel (except U.S. Navy); our

estimate refers almost totally to Longshoremen – see Table 8.1.

5. Estimate is based on ratio of the 1976 OSHA standard of 2 f/ml to our estimate of 
20 f/ml for unit relative risk – the rough average of 20-40 f/ml in primary manufacturing

and 15 f/ml in insulation work (Selikoff, 1981, Table 2-14).
6. Rounded up from 6.76 years.

7. Approximation based on 4-year enlistment.

8. Approximation based on R3 Industry/Occupation group 6.

Source:  Adapted from Selikoff (1981, Tables 2-13 and 2-16).

to be 4 years; and for group 8, it was 7 years. These assumptions implied

average cumulative exposures of 8-14 f-yr/ml.

The relative risk estimates in Table 8.8 were used to rescale the parameter

b in the OSHA model to the appropriate levels for each occupation. The

duration estimates were used in place of the parameter d in the OSHA model.
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8.4.2 Step 7: Estimation of the Population Exposed to Asbestos

Prior to 1975

This step was similar to step 7 in Section 6.6.2. Both steps focused on the

estimation of the distribution of the exposed population by age and date of

first exposure (DOFE). Two differences were important. First, in this chapter,

we developed estimates of actual numbers of exposed workers, not IWEs. Sec-

ond, to do this, we conducted the calculations separately for each occupation

group. The notation was modified to reflect this change.

Let E
Y2,i
A,Y be the number of mesothelioma claims during calendar period

Y2 in occupation i and at TSFE = Y2 − Y with initial exposure at age A in

calendar period Y . Following the convention introduced in Section 6.5, (1)

lowercase age, year, and time indexes and subscripts referred to annual time

units and (2) uppercase age, year, and time indexes and subscripts referred to

quinquennial time units. We also followed the convention in Figure 6.1 that

time subscripts 0, 1, and 2 referred to initial exposure, diagnosis, and claim

filing dates, respectively. Thus, Y2 referred to a 5-year claim filing period.

Similarly, let M i
A2,Y2

be the total number of mesothelioma claims filed in

occupation i, at age A2, in period Y2. It follows that

M i
A2,Y2

=
X
T=1

E
Y2,i
A2−T,Y2−T ,

where the summation starts with T = 1 to reflect a minimum latency time of

at least 5 years. Alternatively, we could have started the summation at T = 2
to reflect the 10-year latency of the OSHA model or at T = 4 to reflect the
assumption that the latest period in which exposure initiated was 1970-1974.

The E
Y2,i
A,Y values were obtained from Table 8.3 using the procedures in

steps 4 and 5. TheM i
A2,Y2

values resulting from those procedures are presented

in Table 8.4.

Let IiT be the mesothelioma quinquennial hazard rate in occupation i at

TSFE tT = 5T , where the conversion from annual to quinquennial time units

affected only the scale parameter of the OSHA model; that is,

Bi = bi × 5k+1.
We defined the T -quinquennial survival probability for occupation i as

S
T,i
A,Y = exp

(
−

T−1X
N=0

hA+N,Y+N −
Z T

0

IiN dN

)
,

where the nonmesothelioma hazard rates were obtained from step 1.

We approximated the probability of a mesothelioma claim in the same

exposure group using

Q
T,i
A,Y = S

T,i
A,Y × IiT ,

and we estimated the initial size of this exposure group using
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N i
A,Y = E

Y2,i
A,Y /Q

(Y2−Y ),i
A,Y ,

which is similar to the first-stage projection calibration equation in Section

6.6.2.

The use of mortality parameters for the mesothelioma hazard rates in the

above calculations assumed that, on average, the claims were filed at or about

the time of death. This would imply that about 50% of the mesothelioma

claimants were alive at the date of claim filing. The actual number in the

Trust data was 23.6%, lower than expected, suggesting that the average claim

was filed after death. However, Section 6.3 presented results indicating that

the median lag from diagnosis to claim filing date was only 1.06 years, the

median lag from diagnosis to date of death was 0.73 years, and the resulting

0.33-year discrepancy was small enough not to be of concern. Given (1) the

use of 5-year age and date intervals in our projections, (2) the small relative

shift of the claim versus death date, and (3) the self-correcting nature of the

two-stage calibration procedure, we assumed that the mortality parameters

were acceptable for the first-stage calibration based on mesothelioma claims.

One limitation of this approach was that it implicitly assumed that the

propensity to sue was 100% in 1990-1994 in the case of death due to mesothe-

lioma. To the extent that the propensity to sue was lower, the size of the

exposed population would be underestimated, whereas the claim hazard rates

would be overestimated by an equivalent, compensating amount. This ap-

proach yielded the smallest possible estimates of the at-risk population con-

sistent with the Trust claims for mesothelioma during 1990-1994.

Table 8.9 presents the estimates of N i
A,Y for the eight occupational groups.

Overall, we estimated that 2.61 million persons were initially exposed to

Johns-Manville asbestos during 1940-1974, about 10.1% of Selikoff’s (1981;

his Table 2-12) estimate for all types of exposures beginning in the same pe-

riod. To improve the validity of the comparison, Selikoff’s estimate should be

adjusted downward to correct his overprediction of mesothelioma deaths (×
0.651; Table 6.13), his inclusion of persons with very low exposures (× 0.68;
Selikoff, 1981, Table 2-18), and his inclusion of non-Manville exposures [×
0.30; based on market shares (Hersch, 1992)]. With these adjustments, Se-

likoff’s estimate was only about 1.32 times larger than ours. Alternatively, the

propensity to sue could have been as low as 75.8% under Selikoff’s definition

of the population at risk. More significantly, our 1940-1974 estimate in Table

8.9 was 3.37 times larger than the corresponding national IWE estimate in Ta-

ble 6.8, and 12.7 times larger than the corresponding Manville IWE estimate

under Model 3 in Section 7.12. These comparisons suggested that the current

procedure produced estimates of the population at risk that were reasonable

for forecasting claims.

Figure 8.5 displays the distribution of initial exposures by DOFE and

occupation group.
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8.5 Model Projection

8.5.1 Step 8: First-Stage Calibration

The first-stage calibration used the T -period survival equation to obtain

N
T,i
A,Y = N i

A,Y × S
T,i
A,Y ,

where N i
A,Y was the initial exposed population in Table 8.9. The index T was

selected so that Y + T = 1990-1994. The surviving population at age A in

period Y was defined by

P
T,i
A,Y = N

T,i
A-T,Y -T ,

following the notation in Chapter 6. The results for Y = 1990-1994 are in
Table 8.10.

Table 8.10 indicates that 1.82 million persons were alive in 1990-1994 on a

quinquennial anniversary of their initial exposure to asbestos. Alternatively,

the number of exposed persons alive in mid-1992 was 1.82 million under a

midpoint approximation (see Section 6.5.1, for discussion).

The above equations used the estimates of initial exposure to calibrate the

surviving at-risk population in 1990-1994. Although this procedure helped to

validate the model, one might proceed directly to the 1990-1994 estimate by

substituting the expression for N i
A,Y in step 7 in the above expression for

N i
A,Y , obtaining

N
(Y2-Y ),i
A,Y = E

Y2,i
A,Y × S

(Y2-Y ),i
A,Y /Q

(Y2-Y ),i
A,Y

= E
Y2,i
A,Y /I

i
Y2-Y

or

P
T,i
A2,Y2

=M
T,i
A2,Y2

/IiT (T = Y2 − Y )

where

P
T,i
A2,Y2

= N
T,i
A2-T,Y2-T

and where

M
T,i
A2,Y2

= E
Y2,i
A2-T,Y2-T

was the observed number of mesothelioma claims at TSFE equal to T in period

Y2 at age A2. These counts were produced in step 3 for Y2 = 1990-1994. The
first-stage calibration depended only on the results of steps 2, 3, and 6. Steps

4 and 5 were needed only to validate the model.

8.5.2 Step 9: Forward Projection of Mesothelioma Mortality

The projected number of mesothelioma deaths can be obtained from the for-

ward projection equation
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E
Y+T,i
A,Y = N i

A,Y ×Q
T,i
A,Y ,

where A and Y refer to age and date of first exposure, respectively. Equiva-

lently,

M
T,i
A,Y = P

T,i
A,Y × IiT ,

where A and Y refer to attained age and date of the projection.

The projected mesothelioma deaths by calendar period for 1970-2049 are

presented in Table 8.11. The total for 1970-1989 of 9500 mesothelioma deaths

was 1.67 times larger than the 5673 claims filed against the Johns-Manville

Corporation or the Manville Trust prior to 1990. This is consistent with the

finding in Section 7.12 that the Trust diagnosis counts prior to 1990 were low

compared to SEER diagnosis counts.

8.6 Second Stage: CHR Forecasting Model

8.6.1 Step 1: Distribution of Disease-Specific Claim Counts for

1990-1994 by Attained Age and TSFE

The first step was to estimate claim counts for 1990-1994 for each of the

nine disease/injury categories used by the Trust, for combinations of age and

TSFE. These were developed using the tabulation procedures described in

step 3 of the first stage, with initial marginal counts presented in Table 8.2.

Additional restrictions were imposed in step 5 of the first stage, with final

marginal counts presented in Table 8.4.

8.6.2 Step 2: Second-Stage Calibration

The second step was to develop estimates of claim hazard rates (CHRs) com-

bining the claim counts from step 1 with the estimates of the at-risk population

from step 8 of the first stage. Let C
T,i,d
A,Y2

be the claim count for age group A,

Y2 =1990-1994, T = TSFE, i = occupation group, and d = disease/injury

category. Let P
T,i
A,Y2

be the corresponding at-risk population estimate. Then,

following the procedure in Section 6.8.2, the CHR was defined as the ratio of

the claim counts to the population at risk:

H
T,i,d
A,Y = C

T,i,d
A,Y2

/P
T,i
A,Y2

(Y ≥ Y2 = 1990-1994),

where the variance can be approximated by

var[H
T,i,d
A,Y ] ≈ 2HT,i,d

A,Y /P
T,i
A,Y2

,

conditional on P
T,i
A,Y2

. The constant 2 on the right-hand side of the variance

equation results from the doubling of claims in Section 8.3.3. These equations

imply a total of 72 CHR tables similar in form to those in Table 8.12, with one

table for each combination of occupation group and disease/injury category.
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Because the claim counts were fixed, the cell sizes were reduced approxi-

mately by a factor of 8 compared to the cell sizes in Section 6.8.2, and this

introduced additional concerns about the credibility of these estimates. To

address these concerns, we calculated the CHRs with a smoothing procedure

that exactly reproduced the age, occupation, and disease-specific male claim

counts estimated for the period 1990-1994. Without smoothing, the total claim

count projected for 1990-2049 was 387,110; with smoothing, it was 365,615

(−5.6%). The decrease was identifiable with certain classes. Unknown occu-
pation decreased its claims by 10,087; asbestos-related noncancer decreased

its claims by 15,569. On the other hand, mesothelioma (which was treated

the same as the other diseases in the second-stage calibration) decreased its

claims by 22 (from 26,071 to 26,049).

To conduct the smoothing, each rate table of age (A) by TSFE (T ), within

occupation (i) and disease (d), was represented as the product of a TSFE rate

schedule and an age multiplier. Using plus (+) to indicate summation over

the indicated subscript, and asterisk (*) to indicate ratios of summed counts,

we defined the marginal TSFE rate schedule for disease d in occupation i:

H
T,i,d
∗,Y = C

T,i,d
+,Y2

/P
T,i
+,Y2

(Y ≥ Y2 = 1990-1994).

The expected number of claims at age A was thenbCT,i,d
A,Y = P

T,i
A,Y ×H

T,i,d
∗,Y .

The age multiplier was determined as

R
i,d
A,Y = C

+,i,d
A,Y2

/ bC+,i,dA,Y2
.

The final estimator waseCT,i,d
A,Y = R

i,d
A,Y × bCT,i,d

A,Y

= P
T,i
A,Y ×R

i,d
A,Y ×H

T,i,d
∗,Y

= P
T,i
A,Y × bHT,i,d

A,Y ,

where bHT,i,d
A,Y = R

i,d
A,Y ×H

T,i,d
∗,Y

and bHT,i,d
A,Y was the smoothed CHR estimator. Motivation for this particular

form of smoothing followed from its impact on eCT,i,d
A,Y2

. Specifically, it yielded

eCT,i,d
A,Y2

= bCT,i,d
A,Y2

×R
i,d
A,Y2

= bCT,i,d
A,Y2

×C
+,i,d
A,Y2

/ bC+,i,dA,Y2
.

Summing over T , we obtained eC+,i,dA,Y2
= C

+,i,d
A,Y2

,
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which implied that the smoothing procedure exactly reproduced the age-

specific claim counts in the calibration period. The procedure was more general

than the Weibull model used for smoothing in Section 7.4. It was also easier

to implement.

We required estimates for 13 ages (35-99) and 12 TSFEs (20, 25, . . . ,75).

With the triangular form of the table, there were 90 cells per table, or 6480

cells over all 72 tables — about 6.7 claims per cell. With smoothing, 25 pa-

rameters were estimated per table, or 1800 parameters over all 72 tables —

about 24.1 claims per parameter. The effect was to increase the stability of

the CHRs by a factor of 3.6, which could be a significant improvement for

cells with the least reliable information.

8.6.3 Step 3: At-Risk Population Projections

The third step was to develop projections of the population at risk of various

types of claim. These projections modified the projections developed in step

8 of the first stage. We begin by considering these projections in detail.

Table 8.10 displays the distribution of the at-risk population, P
T,i
A,Y , by

TSFE for Y = 1990-1994, stratified by attained age and occupation (i.e., P
T,+
A,Y

and P
T,i
+,Y , respectively). Table 8.13 displays the distribution of these estimates

by quinquennia for Y in the range 1990-2049, stratified by attained age and

occupation (i.e., P
+,+
A,Y and P

+,i
+,Y , respectively). Following the convention in

Section 6.5.1, we can multiply each person-count in Table 8.13 by 5 years to

obtain the corresponding person-years at risk. Thus, the table summarizes a

total of 39.5 million (5 × 7,909,756) person-years of exposure over the period
1990-2049. The modal age group was 70-74 years and the modal occupation

group was other/unknown.

The projection can be represented by a modified form of the T -period

survival equation:

P
T,i
A,Y = N i

A−T,Y−T × S
T,i
A−T,Y−T

= P
T2,i
A2,Y2

× S
T,i
A−T,Y−T/S

T2,i
A2−T2,Y2−T2

= P
T2,i
A2,Y2

× S
T2,T,i
A2,Y2

,

where

S
T2,T,i
A2,Y2

= exp

(
−

T−T2−1X
N=0

hA2+N,Y2+N −
Z T

T2

IiN dN

)
.

The first-stage projection reflected the impact of nonmesothelioma and mesothe-

lioma mortality in reducing the size of the at-risk population from one quin-

quennium to the next. Because the only part of the depletion that depended

on asbestos exposure was the mesothelioma hazard, we characterized this pro-

jection as the mesothelioma decrement (MDEC) model.
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296 8 Forecasts Based on a Hybrid Model

Two other types of decrement were of interest. First, we were interested

in adjusting the at-risk population so that it contained only surviving persons

who were first exposed to asbestos prior to 1975 but who had not filed any

claim by period Y > 1990-1994. We characterized this projection as the total

decrement (TDEC) model because it reflected the total impact of all types

of claim. The survival function reflected both the nonmesothelioma mortality

hazard rates as well as the smoothed CHRs:

S
T2,T,i
A2,Y2

= exp

(
−

T−T2−1X
N=0

hA2+N,Y2+N −
T−1X
N=T2

eHT,i,+
A2+N−T2,Y2+N−T2

)
,

where, under a midpoint approximation,

eHT,i,d
A,Y =

1

2
bHT,i,d
A,Y +

1

2
bHT+1,i,d
A+1,Y+1

and eHT,i,+
A,Y =

9X
d=1

eHT,i,d
A,Y .

The nonparametric CHRs for mesothelioma were included in the TDECmodel,

whereas the parametric hazard function, IiT , was deleted.

Table 8.14 displays the TDEC projection for 1990-2049, stratified by at-

tained age and occupation. The estimates for 1990-1994 were unchanged. The

total person-years at risk dropped from 39.5 to 35.5 million (−10.2%). This
may seem like a modest drop until one realizes that the reason for the drop was

that claimants now were being removed from the at-risk population. The exact

number and timing of affected claims can be determined using the methods

in step 4.

Second, we were interested in adjusting the at-risk population so that it

contained only surviving persons who were first exposed to asbestos prior to

1975 but had not filed a cancer claim by period Y > 1990-1994. We focused

on cancer claims because cancer claims were very expensive to settle (about

$113,500 per claim; Table 6.1), cancer injuries were usually lethal (so that

cancer decrements approximated the excess mortality associated with asbestos

exposure), and cancer claims were treated differently from noncancer claims

under the Trust Distribution Process. We characterized this projection as the

cancer decrement (CDEC) model because it reflected the impact of all types

of cancer claims. The survival function was

S
T2,T,i
A2,Y2

= exp

(
−

T−T2−1X
N=0

hA2+N,Y2+N −
T−1X
N=T2

eHT,i,CAN
A2+N−T2,Y2+N−T2

)
,

where eHT,i,CAN
A,Y =

4X
d=1

eHT,i,d
A,Y ,



8.6 Second Stage: CHR Forecasting Model 297

T
o

ta
l 

D
ec

re
m

en
t 

M
o

d
el

D
a

te
 o

f 
P

ro
je

ct
io

n
T

o
ta

l
A

g
e

/ 
 

O
cc

u
p

a
tio

n
1

9
9

0
- 

1
9

9
4

1
99

5
- 

1
9

99
2

0
0

0
- 

2
0

0
4

20
0

5
- 

2
00

9
2

01
0-

2
0

1
4

20
1

5
-

2
01

9
2

02
0

-
2

02
4

20
2

5
-

20
2

9
2

0
3

0-
2

0
34

2
03

5-
2

0
3

9
2

04
0

-
2

04
4

2
0

4
5

-
2

0
4

9
P

er
so

n
s

P
e

rs
o

n
-

Y
e

ar
s

N
u

m
b

e
r 

of
 p

e
rs

o
n

s 
su

rv
iv

in
g

 t
o

 m
id

p
oi

n
t 

o
f 

q
u

in
q

ue
n

n
iu

m
3

5
-3

9
4

2
,8

2
3

0
0

0
0

0
0

0
0

0
0

0
42

,8
2

3
2

1
4

,1
1

7
4

0
-4

4
11

2
,9

2
9

4
1,

2
6

5
0

0
0

0
0

0
0

0
0

0
1

54
,1

9
5

7
7

0
,9

7
4

4
5

-4
9

16
0

,2
3

4
1

0
6,

3
5

4
3

9,
54

6
0

0
0

0
0

0
0

0
0

3
06

,1
3

4
1

,5
3

0
,6

6
9

5
0

-5
4

22
3

,2
3

2
1

5
0,

6
5

3
9

8,
71

5
3

7
,6

3
6

0
0

0
0

0
0

0
0

5
10

,2
3

6
2

,5
5

1
,1

8
1

5
5

-5
9

22
4

,7
0

3
2

0
5,

0
9

8
13

8,
45

7
9

0
,3

5
4

3
4

,9
5

0
0

0
0

0
0

0
0

6
93

,5
6

2
3

,4
6

7
,8

1
0

6
0

-6
4

30
3

,6
4

8
1

9
8,

7
7

5
18

2,
72

3
1

2
3

,2
8

8
8

0
,3

2
6

3
1

,5
06

0
0

0
0

0
0

9
20

,2
6

7
4

,6
0

1
,3

3
3

6
5

-6
9

26
8

,3
7

5
2

5
6,

4
2

4
16

8,
16

1
1

5
6

,1
3

8
10

5
,3

8
8

6
8

,4
16

2
7

,5
0

2
0

0
0

0
0

1
,0

50
,4

0
4

5
,2

5
2

,0
1

9
7

0
-7

4
25

2
,2

1
7

2
1

0,
6

5
9

20
4,

06
2

1
3

4
,2

9
4

12
6

,0
4

8
8

5
,3

25
5

5
,4

2
3

2
2

,9
28

0
0

0
0

1
,0

90
,9

5
6

5
,4

5
4

,7
7

9
7

5
-7

9
14

8
,1

8
4

1
8

1,
3

0
8

15
3,

09
4

1
5

0
,5

7
2

9
9

,8
2

4
9

4
,9

73
6

4
,7

8
2

4
2

,4
06

1
8,

0
32

0
0

0
9

53
,1

7
5

4
,7

6
5

,8
7

7
8

0
-8

4
5

9
,8

2
4

9
2,

5
9

0
11

6,
04

9
9

9
,8

9
7

10
0

,1
9

3
6

7
,3

68
6

5
,3

9
4

4
5

,2
25

3
0,

0
65

1
3

,0
9

1
0

0
6

89
,6

9
5

3
,4

4
8

,4
7

7
8

5
-8

9
2

1
,8

9
6

3
0,

8
2

7
4

9,
30

3
6

3
,9

9
0

5
6

,5
2

2
5

8
,2

48
4

0
,0

2
0

3
9

,9
92

2
8,

2
07

1
9

,1
4

0
8

,5
7

0
0

4
16

,7
1

4
2

,0
8

3
,5

7
2

9
0

-9
4

3
,2

8
8

8,
6

0
5

1
2,

65
7

2
1

,2
3

3
2

8
,8

2
2

2
6

,5
21

2
8

,3
3

9
2

0
,1

73
2

0,
9

63
1

5
,2

0
3

1
0

,5
7

8
4,

97
1

2
01

,3
5

1
1

,0
0

6
,7

5
6

9
5

-9
9

0
9

5
5

2,
63

8
4

,1
3

6
7

,3
4

1
1

0
,5

38
1

0
,2

2
2

1
1

,4
52

8,
5

49
9

,3
0

0
7

,0
1

4
5,

05
9

77
,2

0
3

3
8

6
,0

1
5

1
. 

A
: 

P
ri

m
a

ry
 

M
a

nu
fa

ct
u

rin
g

3
8

,5
3

2
2

9,
0

3
9

2
0,

55
4

1
3

,8
9

7
8

,9
5

7
5

,3
79

2
,9

9
2

1
,6

00
8

07
3

4
3

1
4

3
6

0
1

22
,3

0
4

6
1

1
,5

1
9

2
. 

F
: 

S
e

co
nd

a
ry

 
M

a
nu

fa
ct

u
rin

g
12

0
,9

0
3

9
4,

3
0

5
6

9,
87

4
4

8
,9

7
6

3
2

,2
8

6
1

9
,8

48
1

1
,3

5
4

6
,0

52
2,

9
35

1
,2

5
7

4
8

0
16

5
4

08
,4

3
7

2
,0

4
2

,1
8

4

3
. 

I:
 I

ns
u

la
tio

n
 

W
o

rk
2

6
,2

7
2

1
5,

3
6

7
8,

22
4

4
,1

9
3

2
,0

2
9

9
11

3
7

4
1

47
58

1
7

5
2

57
,5

9
9

2
8

7
,9

9
6

4
. 

S
: 

S
h

ip
b

ui
ld

-
in

g
 a

nd
 R

e
pa

ir
14

4
,6

0
0

1
0

2,
8

7
8

7
0,

04
6

4
5

,8
9

1
2

8
,6

8
3

1
7

,0
88

9
,6

8
4

5
,1

79
2,

5
60

1
,1

4
5

3
1

7
5

2
4

28
,1

2
5

2
,1

4
0

,6
2

6

5
. 

R
: 

C
o

ns
tr

u
ct

-
io

n
 T

ra
d

e
s

16
2

,2
8

4
1

3
4,

3
4

4
10

6,
74

7
8

1
,2

5
2

5
9

,5
5

2
4

1
,9

20
2

8
,1

9
3

1
7

,9
58

1
0,

6
37

5
,8

1
9

2
,7

3
1

96
6

6
52

,4
0

3
3

,2
6

2
,0

1
4

6
. 

U
til

/T
ra

n
s/

C
h-

e
m

/L
o

n
gs

h
or

e
30

8
,4

5
7

2
3

4,
8

9
5

17
0,

76
5

1
1

8
,2

1
6

7
7

,3
7

2
4

7
,5

39
2

7
,3

2
1

1
4

,6
83

7,
2

79
3

,3
2

6
1

,3
2

9
48

9
1

,0
11

,6
7

1
5

,0
5

8
,3

5
7

7
. 

M
ili

ta
ry

38
2

,5
2

5
3

3
9,

8
2

8
29

1,
09

3
2

3
8

,9
4

6
18

6
,8

5
8

1
3

8
,3

93
9

6
,5

6
4

6
2

,9
87

3
7,

9
73

2
1

,0
3

8
1

0
,1

2
4

4,
46

1
1

,8
10

,7
9

1
9

,0
5

3
,9

5
6

8
. 

O
th

er
/U

nk
n

.
63

7
,7

7
9

5
3

2,
8

5
5

42
8,

10
2

3
3

0
,1

6
6

24
3

,6
7

7
1

7
1

,8
16

11
5

,2
0

1
7

3
,5

70
4

3,
5

65
2

3
,7

8
8

1
1

,0
3

1
3,

83
4

2
,6

15
,3

8
6

13
,0

7
6

,9
2

9

T
o

ta
l

1
,8

2
1

,3
5

4
1

,4
8

3,
5

1
3

1
,1

6
5,

40
4

8
8

1
,5

3
8

63
9

,4
1

4
4

4
2

,8
95

29
1

,6
8

2
1

8
2

,1
77

1
0

5,
8

16
5

6
,7

3
4

2
6

,1
6

1
1

0,
02

9
7

,1
06

,7
1

6
35

,5
3

3
,5

8
0

%
 C

h
a

n
g

e
 fr

o
m

 
T

a
bl

e
 8

.1
3

0
.0

-4
.6

-9
.0

-1
3.

0
-1

6
.8

-2
0.

5
-2

3.
8

-2
6

.5
-2

8.
8

-3
0

.5
-3

2.
2

-3
2

.3
-1

0
.2

-1
0

.2

S
o

u
rc

e
: 

 A
ut

h
o

rs
' c

a
lc

u
la

tio
n

s.

T
a

b
le

 8
.1

4:
  

E
s

ti
m

at
e

d
 a

n
d

 P
ro

je
ct

ed
 N

u
m

b
er

 o
f 

M
a

le
 W

o
rk

er
s 

E
x

p
o

s
ed

 t
o

 M
an

vi
ll

e 
A

s
b

es
to

s 
b

y 
A

tt
a

in
ed

 A
g

e 
o

r 
O

cc
u

p
a

ti
o

n
 a

n
d

 D
a

te
, 

19
90

-2
04

9
,



298 8 Forecasts Based on a Hybrid Model

where the index d referred to the four cancer categories used by the Trust.

Table 8.15 displays the CDEC projection for the period 1990-2049, strat-

ified by attained age and occupation. The estimates for 1990-1994 were un-

changed while the total person-years at risk increased to 39.0 million — just

0.5 million below the MDEC projection. The differences between these two

projections reflected the impact of lung cancer, colon/rectal cancer, and other

cancer.

8.6.4 Step 4: Claim Projections

For each 5-year period starting with 1990-1994 and ending with 2045-2049,

the disease-specific claim filing rates were multiplied by the surviving exposed

population counts, specific to age, TSFE, and occupation, to project the future

number of claims against the Trust.

The projected claims were based on a multiplicative CHR model:

eCT,i,d
A,Y = P

T,i
A,Y × bHT,i,d

A,Y ,

where the smoothed CHRs were obtained from step 2 and the at-risk popu-

lation counts from step 3. The total number of male claims was obtained by

summing over age, period, TSFE, occupation, and disease.

Each of the three alternative projections of the at-risk population in step

3 gave a corresponding projection of claims against the Trust in step 4.

The first projection was based on the MDEC model in Table 8.13. The

claim projections are summarized in Table 8.16. The total projected number

of claims was 440,375 for the period 1990-2049, 1.2% less than the 445,751

claims under the baseline CHRmodel in Chapter 6 (Table 6.17). This apparent

agreement hid divergences between the cancer and noncancer projections.

Table 8.16 implies a total of 80,463 cancer claims (18.4% higher than in Table

6.17) and 359,912 noncancer claims (4.7% lower than in Table 6.17). The

change in calibration period in step 3 yielded an 8.6% increase in cancer claims

and a 0.7% decrease in noncancer claims. The residual 9.8% cancer increase

and 4.0% noncancer decrease were attributable to the combined effects of all

revisions to the model structure in this chapter, except the introduction of

claim depletion.

One of these revisions was to drop the SEER data from the first-stage cal-

ibration, as in the bridge model developed in Section 7.12 (Table 7.2, analysis

S10, Model 3). Compared to the bridge model, the MDEC model for 1990-

2049 projected 4.1% more total claims, 14.7% more cancer claims, and 2.0%

more noncancer claims. The largest relative increase was for cancer claims,

primarily due to the change in the calibration period in step 3. The remaining

differences were small.

The second projection was based on the TDEC model in Table 8.14. The

claim projections are summarized in Table 8.17. The total projected number

of claims was 349,237, 20.7% lower than in Table 8.16. Relative to this model,
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the estimate produced from the IWE model (Table 6.17) was 27.7% too high

due to the inability of that model to reduce the at-risk population as claims

were filed and claimants were removed.

The effects were not evenly distributed over cancer and noncancer claims.

Table 8.17 implies a total of 59,813 cancer claims (25.7% lower than in Table

8.16 and 12.0% lower than in Table 6.17) and 289,424 noncancer claims (19.6%

lower than in Table 8.16 and 23.4% lower than in Table 6.17).

Strictly speaking, the TDEC model projected claimants, not claims. For

valuation purposes, claims could be handled by embedding a submodel of the

claim process that assigned a value to each claimant at the time of his initial

claim filing. In this chapter, we employed an alternative strategy exemplified

by the CDEC model in Table 8.15. Under this strategy, we projected cancer

claims with a claim depletion of the at-risk population due only to cancer

claims. Noncancer claims were assumed not to reduce the at-risk population.

The CDEC model correctly projected cancer claims and claimants, but pro-

duced an excess of noncancer claims.

The claim projections for the CDEC model are summarized in Table 8.18.

The total projected number of claims was 424,323, 3.7% lower than in Ta-

ble 8.16. Table 8.18 indicates a total of 76,191 cancer claims (5.3% lower

than in Table 8.16 but 27.4% higher than in Table 8.17) and 348,132 non-

cancer claims (3.3% lower than in Table 8.16 but 20.3% higher than in Table

8.17). The 27.4% increase in cancer claimants from Table 8.17 to 8.18 reflected

second-order claims among persons who were noncancer claimants under the

TDEC model, under the assumption that noncancer claimants were not at

increased risk of death. Such claims were permitted under the Trust Distribu-

tion Process. Alternatively, the 20.3% increase in noncancer claims from Table

8.17 to 8.18 reflected second- or higher-order claims among persons who were

noncancer claimants under the TDEC model. Such claims, however, were not

allowed under the Trust Distribution Process.

There was an essential asymmetry between cancer and noncancer claims.

Cancer claims were of interest regardless of whether or not they are preceded

by a noncancer claim. Under the Trust Distribution Process, second injury

claims for cancer were treated as independent claims and the presence of a

prior noncancer asbestos injury could be used to support the veracity of the

cancer claim. The CDEC model is the appropriate model for projecting cancer

claimants.

On the other hand, cancer and noncancer claims were competing risks

and noncancer claims were relevant only if they preceded a cancer claim (or

death). The TDEC model is the appropriate model for projecting noncancer

claimants.

Tables 8.19-8.21 display the combined CDEC/TDEC claim projections,

under which cancer claims were obtained from the CDEC model and non-

cancer claims from the TDEC model. A total of 365,615 claims were projected

for 1990-2049 under the combined CDEC/TDECmodel. This was 4.7% higher
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304 8 Forecasts Based on a Hybrid Model

than under the TDEC model. The entire excess was attributable to cancer

claims.

Table 8.19 presents the CDEC/TDEC projection stratified by most severe

alleged disease. All four cancers were projected to peak in 1995-1999; non-

cancers and total claims peaked in 1990-1994. Mesothelioma accounted for

4.5% of claims in 1990-1994, but 7.1% in 1990-2049. Lung cancer accounted

for 6.9% of claims in 1990-1994, but 10.8% in 1990-2049. Both major cancer

injuries increased their share of claims over time.

Table 8.19 also presents the CDEC/TDEC projection stratified by occupa-

tion. There was substantial variation in the timing of claims (e.g., about 33%

of claims for insulation work and shipbuilding and repair, but less than 18%

of construction trades and other/unknown, were projected to occur in 1990-

1994). Over half (51.3%) of the claims came from three low-risk occupation

groups (6-8).

Table 8.20 presents the CDEC/TDEC projection stratified by date of first

exposure. The largest number of claims for 1990-2049 (18.2%) were projected

to arise from exposure 1965-1969, followed by 1970-1974 (16.7%). These results

contrast with claims for the baseline period 1990-1994, where 12.1% of claims

arose from exposure 1965-1969 and 6.6% from 1970-1974. The exposure period

1950-1964 accounted for 43.5% of claims in 1990-2049 and 42.1% in 1990-1994.

Table 8.21 presents the CDEC/TDEC projection stratified by attained

age and cohort (based on attained age in 1990-1994). Compared with Table

6.18, the peak age was the same, but the peak cohort was 15 years older.

The relative frequency of claims by attained age decreased up to 74 years

and increased thereafter. Similarly, the relative frequency of claims by cohort

decreased for the three youngest cohorts and increased for the others. Three

factors were primarily responsible:

1. The tabulations in Section 8.3.3 increased the ages of the 50% of claims

imputed for mid-1992 to 1994 by 2.5 years relative to the corresponding

tabulations in Section 6.8.1.

2. The data for the first-stage calibration in the CDEC/TDEC model were

approximately 20 years removed from the last exposure period (1970-

1974) compared with 5, 10, or 15 years in the IWE model. This greater

lag increased the credibility of the first-stage calibration and allowed us to

drop adjustments in steps 8-10 of Section 6.6 that differentially affected

the exposure estimates for the youngest cohorts.

3. The claim depletion rules in the CDEC/TDECmodel had a greater impact

on the younger cohorts due to the greater length of time over which their

claims developed.

In summary, from the 1,821,354 men estimated to be occupationally ex-

posed to Manville asbestos, we projected that 349,237 would file a claim

against the Manville Trust in the period 1990-2049. Assuming a noncancer

claimant may later file a cancer claim, we projected a total of 365,615 claims
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in 1990-2049, of which 76,191 would be for cancer, 237,193 for asbestos-related

noncancer, and 52,231 for nonasbestos-related (or unknown) disease.

8.7 Conclusions

The development of projections is generally an iterative process, with each

projection addressing a specific question. The projections and the sensitivity

they exhibit as assumptions are varied may suggest additional questions or

issues to be addressed by further projections.

The projections in this chapter were based on a hybrid form of the methods

used by Walker (1982) and Selikoff (1981).

As discussed in Chapters 3-5, those two projections used different assump-

tions and produced different results. Table 6.13 showed that the national pro-

jection of mesothelioma for 1990-2009 produced by Selikoff was 4.9 times that

of Walker (58,880 vs. 12,000). Section 6.7 showed that this discrepancy was

associated with scale factors that could make both projections consistent with

the SEER data and with the baseline IWE projection in Chapter 6.

Sensitivity analyses in Section 7.6 showed that the most unstable part of

the baseline IWE projection was the first-stage calibration of the initial IWE

population. This instability was greatly reduced when the elapsed time be-

tween the last exposure period and the observed manifestation (i.e., diagnosis,

death, or claim) of mesothelioma increased to 15+ years. With initial calibra-

tion for first exposures prior to 1975 based on Trust data for 1990-1994, the

total projected number of claims 1990-2049 in Section 7.12 was within 5.1%

of the baseline IWE projection of 445,751 claims. This justified our decision

to drop the SEER data and perform the first-stage calibration using only

mesothelioma claim data for 1990-1994. This step allowed us to use occupa-

tion in the projections. Occupation was recorded in the Trust files, but not in

the SEER files.

With occupation known, we used relative risk and duration of exposure

estimates from Selikoff (1981) to estimate the number of surviving exposed

men alive in 1990-1994, not just the number of IWEs. This allowed us to

determine the effect of claim filings on the pool of men who had never filed a

claim or, in the case of cancer, who had never filed a cancer claim.

The preferred projection for 1990-2049 (CDEC/TDEC) in this chapter

was 18.0% lower than the baseline IWE projection (Table 6.17) and 13.6%

lower than the bridge model projection (Table 7.2, analysis S10, Model 3).

The latter projection was also calibrated using Trust mesothelioma claims,

whereas the former used SEER mesothelioma incidence data. Compared to

the bridge model projection, our preferred cancer projection was 8.6% higher

(12.1% higher than the baseline IWE projection) and our preferred noncancer

projection was 18.0% lower (23.4% lower than the baseline IWE projection).

These changes were attributable to changes in the calibration period and



8.7 Conclusions 309

in the second-injury claim filing rules. In our opinion, these changes were im-

provements. The fact that one can alter the model structure and assumptions,

however, should alert the reader to the possibility of further alterations and,

consequently, further revision of the projections — especially as more data

become available.

The projections in this chapter resolved important issues raised in eval-

uations of Walker (1982) and Selikoff (1981). Although the projections here

were improvements over those in Chapter 6, the sensitivity analyses in Chap-

ters 5 and 7 indicated that there was substantial uncertainty in these types of

projections, so, despite the desire for point estimates, we caution the reader

that any point estimate of the future number of claims is highly uncertain.

Deviations of ±10% are very likely; deviations up or down by a factor of 2 are
possible, as determined through sensitivity analyses involving 27 alternative

projections (Table 7.9). Nothing in this chapter diminishes the uncertainty

established in Chapter 7. Thus, the reduction in the preferred CDEC/TDEC

projection serves only to shift the baseline downward, not to remove the in-

trinsic uncertainty. Consequently, any decision based on projections must plan

for the contingency of substantial variation in outcome. We investigate this

further in Chapter 9.





9

Uncertainty in Forecasts Based on a Hybrid

Model

9.1 Introduction

We evaluated the sensitivity of the hybrid model by varying sets of assump-

tions across plausible ranges, as in Chapter 7. We selected for sensitivity

analyses characteristics of the model that we felt could have the greatest in-

fluence on the hybrid model. Factors identified as being of minor influence in

Chapter 7 are not reanalyzed in this chapter.

We begin by summarizing the impact of claim filing rules on the base-

line projection. Next, we summarize the results of the baseline cancer decre-

ment/total decrement (CDEC/TDEC) projection model in Chapter 8. In the

remainder of the chapter, we examine how different that projection could be

under plausible modifications of the model.

Table 9.1 summarizes the characteristics of the baseline and alternative

projections. The sensitivity analyses were grouped into seven areas:

S1. Validated disease. The baseline projection was based on analysis of alleged

disease/injury. In these projections, we considered the impact of switching

to validated disease.

S2. Multiple disease. The baseline projection was based on claim hazard rates

(CHRs) for the most severe alleged disease/injury. When a claimant al-

leged multiple disease/injuries, the lower-ranked disease/injuries were ig-

nored in calibrating the CHRs for the baseline projection. In these projec-

tions, we considered the impact of these additional lower-ranked diseases

on future claim filings.

S3. CHR smoothing. Step 2 of the second-stage baseline projection used a

multiplicative form of the CHR with factors representing age effects and

time since first exposure (TSFE) effects. In these projections, we reverted

to the crude rates for combinations of age and TSFE.

S4. Exposure smoothing. In step 4 of the first-stage baseline projection, we

smoothed estimates of the distribution of mesothelioma claims by age and

date of first exposure. In these projections, we reverted to the exposure

311
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Table 9.1:  Sensitivity Analyses Conducted to Assess the Uncertainty in Projections of 
Qualified Male Claims Against the Manville Trust, 1990-2049

Analysis Model #      Description

S0 0 Baseline hybrid model in Section 8.6

S1 Convert from alleged to validated disease
1 1 Transitions based on Table 6.1
2 2 Transitions based on Table 9.3

S2 Impact of claims with multiple diseases
1 3 Project all disease mentions
2 4 Eliminate 50% of cancer  in TDEC projection
3 5 Reallocate 50% of cancer  in TDEC projection

S3 1 6 Impact of smoothing in Section 8.6, Step 2

S4 1 7 Impact of smoothing in Section 8.3, Step 4

S5 Parametric models of claim hazard rates

1 8 k  = 2 (and b  = 5.13  10-6)

2 9 k  = 3 (and b  = 2.18  10-7)

S6 Relative risks in Table 8.8
1 10 Reduced by 50%
2 11 Increased by 50%

S7 Average durations in Table 8.8
1 12 Reduced by 50%
2 13 Increased by 50%

Source:  S0–S2, Stallard and Manton (1994); S3–S7, authors' calculations.

data obtained in step 3 stratified by age and TSFE, and used those in

place of the smoothed estimates obtained in step 4.

S5. Weibull k parameter. In Section 7.5, we saw that the insulation-worker

equivalent (IWE) model was sensitive to changes in the k parameter of
the Weibull hazard function. In these projections, we evaluated the impact

of setting k = 2 (Peto et al., 1982) and k = 3 (OSHA, 1983).
S6. Relative risks of mesothelioma. Selikoff’s (1981) estimates of relative risks

in Tables 3.1 and 8.8 were presented without standard errors. In addition,

the correspondence between the Trust occupation groups and Selikoff’s

groups was only approximate. In these projections, we evaluated the im-

pact of increasing or decreasing the relative risks in Table 8.8 by 50%.

S7. Duration of exposure. Selikoff’s (1981) estimates of duration of exposure

(Table 8.8) were only approximations to the durations experienced by

persons exposed to Manville asbestos. In these projections, we evaluated

the impact of increasing or decreasing the average durations in Table 8.8

by 50%.
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9.2 Impact of Claim Filing Rules

Application of the claim filing rates to the surviving exposed population in

1990-2049 required us to define (1) rules for handling claims with multiple

diseases or injuries and (2) rules to decrement or deplete this population.

Because multiple diseases were often alleged by a given claimant, three cri-

teria were evaluated. First, in our baseline model, we selected the most severe

disease (SDIS criterion) as indicative of his injury. The hierarchy used was the

same as that used by the Trust settlement negotiation process: (1) mesothe-

lioma; (2) lung cancer; (3) colon/rectal cancer; (4) other cancer; (5) asbesto-

sis; (6) disputed asbestosis; (7) pleural plaques/thickening; (8) nonasbestos-

related disease; and (9) unknown disease. Disease groups were frequently used:

(a) “cancer” referred to 1, 2, 3, and 4; (b) “noncancer” referred to 5, 6, 7,

8, and 9; (c) “asbestos-related disease” referred to 1, 2, 3, 4, 5, 6, and 7;

(d) “nonasbestos-related and unknown disease” referred to 8 and 9; and (e)

“asbestos-related noncancer disease” referred to 5, 6, and 7. Section 6.2 pre-

sented results indicating that among claims settled postpetition, 93.4% of

claims with cancer as the most serious alleged condition were evaluated as

cancer, whereas 95.6% of claims with noncancer as the most serious alleged

condition were evaluated as noncancer. Use of the most severe alleged injury

as the basis for the CDEC/TDEC projections was reasonable.

Second, under the validated disease (VDIS) criterion, the transition rates

from most severe alleged disease to final validated disease classification deter-

mined by the Trust settlement process (Table 6.1) were applied to the claim

filing rates obtained under the SDIS criterion. This change in procedure was

the basis of sensitivity analysis S1, which evaluated the trade-off between the

uncertainty in the transition matrix used to convert from alleged to validated

disease and the uncertainty in decrementing the population of claims using

alleged disease when the actual process was based on validated diseases. The

projections using the VDIS criterion were also rerun using a transition matrix

from alleged to validated disease prepared by RPC (1993).

Third, rules for decrementing or depleting the surviving exposed popu-

lation depended on the Trust Distribution Process (TDP) rules regarding

second-injury claims. The TDP rules allowed the Trust to (1) give limited re-

leases that allowed noncancer living claimants to pursue second-injury claims

for cancer (87% of claims in 1990-1994 were noncancer) and (2) settle some

claims (initially, about 3.0% of settled claims) for zero dollars accompanied by

the right to file a claim at a later date. In the baseline model, the occurrence

of a cancer claim as a second-injury claim is represented through the CDEC

projection where the noncancer claims are removed as a competing risk. A

further sensitivity analysis was developed using the MDIS criterion in which

all claims that mentioned a specific disease/injury were recognized in the CHR

calculations regardless of its ranking in the SDIS hierarchy. The MDIS crite-

rion was stratified to reflect cancer versus noncancer claims, consistent with

the rules for second-injury claim filings. Projections of disease/injuries can be
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an important supplement to projections of claimants if there are significant

improvements in the treatment of specific diseases that could increase or de-

crease the costs associated with those diseases. Such projections also permit

consideration of the potential impact of a change to multiple, single-claim fil-

ings in future years for claimants who currently were filing a single claim with

multiple listed diseases.

9.3 Baseline Model: SDIS Criterion

The baseline projections developed in Section 8.6 addressed two questions:

(1) how many persons would file claims of any type against the Trust? and

(2) how many persons would file cancer claims against the Trust? To facil-

itate discussion of the sensitivity of these projections, we briefly review the

assumptions and findings of the baseline model.

First, to estimate how many men would ever file a claim against the Trust,

we decremented (TDEC projection) the surviving exposed population for (1)

all nonasbestos-related deaths in the 5 years between the midpoints of each

projection period 1990-1994, 1995-1999, . . . , 2045-2049 (estimated using pro-

jected death rates for the total U.S. male population) and (2) all claims filed

in the corresponding 5-year intervals. The decrement calculations treated the

9 diseases (defined by the SDIS criterion) and nonasbestos-related death as a

set of 10 independent competing risks such that for any given man, only one

outcome occurred. This gave rise to an exponential survival function in which

all active risks were represented in the summation in the exponent of the sur-

vival function as indicated in Section 8.6.3. The total number of outcomes of

each type was estimated and subtracted from the initial exposed population

in each projection period to obtain the surviving exposed population for the

next period. Under TDEC, we projected 349,237 men would file at least one

claim in 1990-2049 (Table 9.2); 59,813 men filing a first claim would allege a

cancer disease/injury in 1990-2049.

Second, to determine how many men would ever file a cancer claim against

the Trust, we decremented (CDEC projection) the surviving exposed popula-

tion for (1) all nonasbestos-related deaths in the 5 years between the midpoints

of each projection period (same as TDEC) and (2) all cancer claims (based

on the SDIS criterion) filed in the corresponding 5-year intervals. Noncancer

claims were not decremented in this projection; that is, the noncancer hazard

rates were removed from the summation in the exponent of the exponential

survival functions. Under CDEC, we projected 76,191 men would file a cancer

claim in 1990-2049 (Table 9.2).

Comparison of the CDEC and TDEC projections suggests that 16,378

(25.3% of 64,685) cancer claims in 1995-2049 would be second-injury claims.

Implicit in this comparison was the assumption that the 289,424 men filing

a noncancer claim in 1990-2049 were at the same risk of filing a subsequent

cancer claim as men who never filed a noncancer claim. If the risk of first
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Table 9.2:  Analysis S0, Model 1 – Baseline Projections of Qualified Male Claims Against 
the Manville Trust, 1990-2049

Projection Interval
Projection Type 1990-1994 1995-2049 1990-2049

TDEC
Total 86,606 262,631 349,237
Cancer 11,506 48,307 59,813
Noncancer 75,100 214,324 289,424
Asbestos-related noncancer 62,856 174,337 237,193
Nonasbestos-related & unknown 12,244 39,987 52,231

CDEC
Total 86,606 337,717 424,323
Cancer 11,506 64,685 76,191
Noncancer 75,100 273,032 348,132
Asbestos-related noncancer 62,856 225,931 288,787
Nonasbestos-related & unknown 12,244 47,101 59,345

CDEC/TDEC
Total 86,606 279,009 365,615
Cancer 11,506 64,685 76,191
Noncancer 75,100 214,324 289,424
Asbestos-related noncancer 62,856 174,337 237,193
Nonasbestos-related & unknown 12,244 39,987 52,231

Source:  Stallard and Manton (1994, Table A).

cancer filing for everybody is lower than the risk of second cancer filing for

men who previously filed a noncancer claim, then the TDEC projection will (a)

overestimate the number filing a first claim with cancer and (b) underestimate

the percent of cancer claims that are second-injury claims.

Combining 76,191 cancer (CDEC) and 289,424 noncancer (TDEC) claims,

we projected a total of 365,615 claims in 1990-2049 (CDEC/TDEC in Ta-

ble 9.2). The difference between the CDEC and TDEC projections was

that TDEC depleted the surviving exposed population as noncancer claims

were filed, and this additional depletion caused the composite projection

(CDEC/TDEC) of total claims to be lower than in the CDEC projection.

9.4 Analysis S1: Validated Disease

The conversion from alleged to validated disease served two purposes. First,

because claims were settled on the basis of validated diseases, not alleged

diseases, projections of validated disease could be used to analyze monetary

liabilities of the Trust. Second, because the rules for second-injury claim filing

were based on the occurrence of a prior validated cancer claim, accurate im-

plementation of these rules required the use of validated disease/injury data.
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The drawback to the use of validated disease was that this information

was developed as part of the settlement process and, in the case of the Trust

extract made available to us, the information simply was not available for

most claims filed during the baseline calibration period from January 1, 1990

to June 30, 1992. Consequently, we used alleged disease/injuries in the baseline

model.

To evaluate the potential sensitivity of our results to this choice, we used

two estimates of the transition matrices from alleged to validated disease:

one from Table 6.1 and the other from RPC’s (1993) analysis of Trust claim

data (displayed in Table 9.3). RPC (1993) did not include disputed asbestosis

or colon/rectal cancer as distinct categories, either alleged or validated. In

constructing Table 9.3, we replicated RPC’s (1993) transition rates for other

cancers in the row for colon/rectal cancer and RPC’s (1993) transition rates

for asbestosis in the row for disputed asbestosis. However, the column entries

for these two diseases were set to zero because RPC (1993) did not include

them among validated diseases.

Comparison of Tables 9.3 and 6.1 revealed numerous differences. Except

for lung cancer, the diagonals of comparable categories were generally quite

different. The off-diagonals also exhibited significant differences. For example,

5.8% of nonasbestos-related diseases converted to lung cancer in Table 6.1

but only 0.9% in Table 9.3. Nonetheless, the estimated average settlement

amounts derived from the two transition matrices were within 1%, suggesting

that the conversion from alleged to validated disease may not be a major

source of sensitivity with respect to the aggregate costs of the claims.

In Table 9.4, VTDEC denotes the TDEC projection with all disease counts

converted from the SDIS to VDIS criterion using the Table 6.1 transition ma-

trix. This conversion did not change the total number of claims filed under

the TDEC rules. The 59,813 alleged cancer claims (under the SDIS criterion)

in the TDEC projection for 1990-2049 converted to 70,227 validated cancer

claims (under the VDIS criterion; +17.4%). The other 279,010 validated non-

cancer claimants (VDIS criterion) were free to file a cancer claim later.

To estimate how many men would ever file a validated cancer claim against

the Trust, in a second projection (VCDEC), we decremented the surviving ex-

posed population for (1) all nonasbestos-related deaths in the 5 years between

the midpoints of each projection period (same as TDEC and VTDEC) and

(2) all validated cancer claims (VDIS criterion) filed in the corresponding in-

tervals. Validated noncancer claims were not decremented in this projection.

Under VCDEC, we projected 87,451 validated cancer claims in 1990-2049:

70,227 first claims and 17,224 second or subsequent claims. We assumed that

a man was free to file cancer claims until his injury was validated as cancer.

The separation into first and second or subsequent injury claims assumed

that men filing a noncancer claim were at the same risk of filing a subsequent

cancer claim as men who never filed a noncancer claim. Combined with the

279,010 validated noncancer claims in the VTDEC projection, we projected

366,461 validated claims in 1990-2049 (VCDEC/VTDEC in Table 9.4): 100.2%
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Table 9.4:  Analysis S1, Model 1 – Projections of Qualified Male Claims Against the Manville 
Trust, 1990-2049, with Validated Diseases Based on Transitions in Table 6.1

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

VTDEC
Total 86,606 262,631 349,237 0.0
Cancer 14,391 55,836 70,227 17.4
Noncancer 72,215 206,795 279,010 -3.6
Asbestos-related noncancer 66,850 188,180 255,030 7.5
Nonasbestos-related & unknown 5,365 18,615 23,980 -54.1

VCDEC
Total 86,606 334,453 421,059 -0.8
Cancer 14,391 73,060 87,451 14.8
Noncancer 72,215 261,393 333,608 -4.2
Asbestos-related noncancer 66,850 239,468 306,318 6.1
Nonasbestos-related & unknown 5,365 21,925 27,290 -54.0

VCDEC/VTDEC
Total 86,606 279,855 366,461 0.2
Cancer 14,391 73,060 87,451 14.8
Noncancer 72,215 206,795 279,010 -3.6
Asbestos-related noncancer 66,850 188,180 255,030 7.5
Nonasbestos-related & unknown 5,365 18,615 23,980 -54.1

VADEC
Total 86,606 265,870 352,476 —
Cancer 14,391 56,542 70,933 —
Noncancer 72,215 209,328 281,543 —
Asbestos-related noncancer 66,850 190,409 257,259 —
Nonasbestos-related & unknown 5,365 18,919 24,284 —
Asbestos-related 81,241 246,951 328,192 —

VCDEC/VADEC
Total 86,606 282,388 368,994 —
Cancer 14,391 73,060 87,451 —
Noncancer 72,215 209,328 281,543 —
Asbestos-related noncancer 66,850 190,409 257,259 —
Nonasbestos-related & unknown 5,365 18,919 24,284 —
Asbestos-related 81,241 263,469 344,710 —

Source:  Authors' calculations.

of the total of 365,615 claims in the CDEC/TDEC projection. The VCDEC

projection of validated cancer claims was 114.8% of the CDEC value, and the

VCDEC projection of validated noncancer claims was 95.8% of the CDEC

value. These differences suggested that conversion from alleged to evaluated

disease could significantly change the disease mix of the baseline projection.

Because the 23,980 nonasbestos-related disease claims were expected to

receive no payment, they retained the right to file a claim at a later date. To
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estimate how many men would ever file a validated asbestos-related disease

claim, we produced a third projection (VADEC), where we decremented the

surviving exposed population for (1) all nonasbestos-related deaths in the 5

years between the midpoints of each projection period (same as TDEC and

VTDEC) and (2) all validated asbestos-related disease claims (VDIS criterion)

filed in the corresponding intervals. Occurrences of validated nonasbestos-

related disease were not decremented in this projection.

Under VADEC, we projected that 328,192 claims would be validated as

asbestos-related disease in 1990-2049, with 257,259 validated as asbestos-

related noncancer. Combined with 87,451 cancer claims in 1990-2049, under

VCDEC/VADEC, we projected a total of 344,710 validated asbestos-related

disease claims in 1990-2049.

Table 9.5 presents the VTDEC projection with all disease counts converted

from the SDIS to VDIS criterion using RPC’s transition matrix (Table 9.3).

The 59,813 alleged cancer claims (SDIS criterion) in the TDEC projection

for 1990-2049 converted to 58,835 validated cancer claims (VDIS criterion;

−1.6%).
Under VCDEC, we projected 74,665 validated cancer claims in 1990-2049:

58,835 first claims and 15,830 second (or subsequent) claims. Combined with

the 290,402 validated noncancer claims in the VTDEC projection, we pro-

jected 365,067 claims in 1990-2049 (VCDEC/VTDEC in Table 9.5): 99.9%

of the total of 365,615 claims in the CDEC/TDEC projection. The VCDEC

projection of validated cancer claims was 98.0% of the CDEC value, and

the VCDEC projection of validated noncancer claims was 100.7% of the

CDEC value. Conversion from alleged to evaluated disease did not signifi-

cantly change the hybrid projection.

Under VADEC, we projected that 324,431 claims would be validated as

asbestos-related disease in 1990-2049, with 264,730 validated as asbestos-

related noncancer. Combined with 74,665 cancer claims in 1990-2049, under

VCDEC/VADEC, we projected a total of 339,395 validated asbestos-related

disease claims in 1990-2049.

Comparison of the results under the VCDEC/VADEC model for the two

alternative transition matrices revealed a 0.1% difference in total claims, a

1.6% difference in asbestos-related disease claims, and a 17.1% difference in

cancer claims. The cancer differences were important because the settlement

costs for cancer claims were more than three times those of noncancer claims

(Table 6.1). The difference in cancer claims between the two alternative tran-

sition matrices suggested that the conversion from alleged to validated claims

could be a major additional source of uncertainty in projecting the total lia-

bility associated with these claims.

Given the range of uncertainty of these projections, the precision gained

in switching from the VTDEC to the VADEC projection was small. More

important was the difference in treatment of cancer versus noncancer claims

in the decrement criteria of the VCDEC/VADEC projection, namely that
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Table 9.5:  Analysis S1, Model 2 – Projections of Qualified Male Claims Against the Manville 
Trust, 1990-2049, with Validated Diseases Based on Transitions in Table 9.3

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

VTDEC
Total 86,606 262,631 349,237 0.0
Cancer 11,465 47,370 58,835 -1.6
Noncancer 75,141 215,261 290,402 0.3
Asbestos-related noncancer 68,413 193,108 261,521 10.3
Nonasbestos-related & unknown 6,728 22,153 28,881 -44.7

VCDEC
Total 86,606 338,528 425,134 0.2
Cancer 11,465 63,200 74,665 -2.0
Noncancer 75,141 275,328 350,469 0.7
Asbestos-related noncancer 68,413 248,326 316,739 9.7
Nonasbestos-related & unknown 6,728 27,002 33,730 -43.2

VCDEC/VTDEC
Total 86,606 278,461 365,067 -0.1
Cancer 11,465 63,200 74,665 -2.0
Noncancer 75,141 215,261 290,402 0.3
Asbestos-related noncancer 68,413 193,108 261,521 10.3
Nonasbestos-related & unknown 6,728 22,153 28,881 -44.7

VADEC
Total 86,606 267,099 353,705 —
Cancer 11,465 48,236 59,701 —
Noncancer 75,141 218,863 294,004 —
Asbestos-related noncancer 68,413 196,317 264,730 —
Nonasbestos-related & unknown 6,728 22,546 29,274 —
Asbestos-related 79,878 244,553 324,431 —

VCDEC/VADEC
Total 86,606 282,063 368,669 —
Cancer 11,465 63,200 74,665 —
Noncancer 75,141 218,863 294,004 —
Asbestos-related noncancer 68,413 196,317 264,730 —
Nonasbestos-related & unknown 6,728 22,546 29,274 —
Asbestos-related 79,878 259,517 339,395 —

Source:  Stallard and Manton (1994, Table B).

noncancer claimants could claim a cancer injury at a later date, but not the

reverse.

9.5 Analysis S2: Multiple Diseases

Projections based on the SDIS criterion did not provide complete estimates

of the number of claims by disease, except for the most serious disease,
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Table 9.6:  Analysis S2, Model 1 – Projections of Multiple Diseases Among Qualified Male 
Claims Against the Manville Trust, 1990-2049

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

MDIS-TDEC
Total 122,876 381,274 504,150 44.4
Cancer 12,172 51,179 63,351 5.9
Noncancer 110,704 330,095 440,799 52.3
Asbestos-related noncancer 86,523 251,801 338,324 42.6
Nonasbestos-related & unknown 24,181 78,294 102,475 96.2

NCMDIS-TDEC
Total 104,050 302,096 406,146 —
Cancer 0 0 0 —
Noncancer 104,050 302,096 406,146 —
Asbestos-related noncancer 81,528 231,178 312,706 —
Nonasbestos-related & unknown 22,522 70,918 93,440 —

CMDIS-CDEC
Total 18,812 106,439 125,251 —
Cancer 12,172 68,460 80,632 —
Noncancer 6,640 37,979 44,619 —
Asbestos-related noncancer 4,987 28,182 33,169 —
Nonasbestos-related & unknown 1,653 9,797 11,450 —

MDIS-CDEC/TDEC
Total 122,862 408,535 531,397 45.3
Cancer 12,172 68,460 80,632 5.8
Noncancer 110,690 340,075 450,765 55.7
Asbestos-related noncancer 86,515 259,360 345,875 45.8
Nonasbestos-related & unknown 24,175 80,715 104,890 100.8

Source:  Stallard and Manton (1994, Table C).

mesothelioma. Consequently, we produced projections based on multiple dis-

eases (MDIS criterion) where the disease-specific claim filing rates were based

on the number of claims in 1990-1994 that mentioned the disease, regardless

of severity ranking. This provided complete estimates for each disease. They

could be used to determine settlement values if each disease had a fixed dollar

value.

We considered three projections. First, to estimate how many diseases

would be claimed by men at the time of first claim filing, we used the TDEC

projection of the surviving exposed population. Applying the claim filing rates

based on the MDIS criterion, we projected 504,150 disease occurrences in

1990-2049 and 381,274 in 1995-2049 (Table 9.6). Dividing by the 262,631 men

projected to file in 1995-2049 produced an average of 1.452 diseases per first

claim.
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Second, to estimate how many disease/injuries would be claimed by men

at the time of noncancer claim filing, we used the TDEC projection of the sur-

viving exposed population. The claim filing rates based on the MDIS criterion

were revised to include in their numerators only claims in which cancer was not

mentioned (which defines the NCMDIS criterion). With these modified claim

filing rates, we projected 406,146 disease/injuries in 1990-2049 and 302,096 in

1995-2049. Dividing by the 214,324 men projected to file noncancer claims in

1995-2049 produced an average of 1.410 disease/injuries per first noncancer

claim.

Third, to estimate how many disease/injuries would be claimed by men at

the time of cancer claim filing, we used the CDEC projection of the surviving

exposed population. The claim filing rates based on the MDIS criterion were

modified to reflect only claims in which cancer was mentioned (which defines

the CMDIS criterion). Using these modified claim filing rates, we projected

125,251 disease/injuries in 1990-2049 and 106,439 in 1995-2049. Dividing by

the 64,685 men projected to file cancer claims in 1995-2049 gave an average

of 1.645 disease/injuries per first cancer claim.

Dividing the 37,979 noncancers in 1995-2049 in the CMDIS-CDEC pro-

jection by the 64,685 men projected (CDEC projection) to file cancer claims,

we obtain an average of 0.587 noncancers per cancer claim. In 1990-1994,

41.8% of all male cancer claims mentioned a noncancer injury and 35.1% an

asbestos-related noncancer injury. Among the 41.8%, the average number of

noncancers was 1.38.

The second and third projections were combined to form the MDIS-

CDEC/TDEC projection in Table 9.6 — producing 531,397 disease/injuries

in 1990-2049 and 408,535 in 1995-2049. Dividing by the 279,009 claims pro-

jected in 1995-2049, we found an average of 1.464 disease/injuries per claim.

This compared with the average of 1.452 disease/injuries per first claim in the

first projection for 1995-2049.

Table 9.7 displays the MDIS-CDEC/TDEC projection by alleged dis-

ease/injury and occupation, by claim date in the period 1990-2049. This is

comparable to the CDEC/TDEC projection in Table 8.19. Only mesothelioma

remained unchanged; the unknown category was almost the same; and lung

cancer increased modestly (+2.7%). Large increases were seen for other can-

cer, disputed asbestosis, pleural plaques/thickening, and nonasbestos-related

disease. Colon/rectal cancer and asbestosis increased moderately (+11.2% and

+12.8%, respectively).

The CDEC/TDEC projection assumed that the claim filing rates observed

in 1990-1994 continued unchanged in 1995-2049 by age, occupation, TSFE,

and disease (using either the SDIS or MDIS criteria). The MDIS results,

however, allowed us to speculate how rates might change. For example, with

data on multiple disease/injuries per claim, we generated claim filing rates

for (1) cancer claims that mentioned a noncancer and (2) cancer claims that

did not mention a noncancer. For joint mentions of cancer and noncancer, we

might assume that (1) the noncancer was sufficient to motivate a potential
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Table 9.8:  Analysis S2, Model 2 – Projections of Qualified Male Claims Against the Manville 
Trust, 1990-2049, with 50% of Cancer Claims Eliminated from the TDEC Projection for    

1995-2049

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 243,006 329,612 -5.6
Cancer 11,506 24,808 36,314 -39.3
Noncancer 75,100 218,198 293,298 1.3
Asbestos-related noncancer 62,856 177,786 240,642 1.5
Nonasbestos-related & unknown 12,244 40,412 52,656 0.8

CDEC
Total 86,606 337,717 424,323 0.0
Cancer 11,506 64,685 76,191 0.0
Noncancer 75,100 273,032 348,132 0.0
Asbestos-related noncancer 62,856 225,931 288,787 0.0
Nonasbestos-related & unknown 12,244 47,101 59,345 0.0

CDEC/TDEC
Total 86,606 282,883 369,489 1.1
Cancer 11,506 64,685 76,191 0.0
Noncancer 75,100 218,198 293,298 1.3
Asbestos-related noncancer 62,856 177,786 240,642 1.5
Nonasbestos-related & unknown 12,244 40,412 52,656 0.8

Source:  Authors' calculations.

claimant to file a claim and (2) the subsequent occurrence of a cancer diagnosis

resulted in a second-injury claim. Then, assuming claims with joint mentions

of cancer and noncancer injuries represented a backlog of claims, we identified

two ways that these types of claim might be handled in the future.

First, we assumed that the claim filing rates for joint mentions can be set to

zero because they reflect a backlog that will not recur; that is, in future years,

the cancers now included in joint-mention claims will be filed as second-injury

cancer claims among men who previously filed first-injury noncancer claims.

To obtain an estimate of this effect, we arbitrarily assumed that 50% of cancer

claims could be eliminated from the claim filing rates in the TDEC projection

for 1995-2049 due to their joint occurrence with noncancer disease/injuries.

The 50% rate was selected after observing above that 41.8% of all male claims

in 1990-1994 mentioned a noncancer injury — a rate that may be regarded as

a lower bound for the proportion of future cancer claimants who could file a

prior noncancer claim. The results are summarized in Table 9.8.

Under these assumptions, we projected 243,006 claims (−7.5%) in 1995-
2049, 24,808 cancer (−48.6%), 177,786 asbestos-related noncancer (+2.0%),
and 40,412 nonasbestos-related disease (+1.1%). The only important change
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was a decline in first-injury cancer claims. This decline was close to the as-

sumed percentage of joint-mention claims (48.6% vs. 50.0%). Also, because

total cancer claim rates were not changed (only their timing as first vs. sec-

ond injuries), the CDEC projection was unaffected. However, the percentage

of second injury cancer claims in 1995-2049 increased from 25.3% to 61.7%.

Despite the rather dramatic changes in the number of claims in which

cancer was filed as the first disease/injury, the net impact of this scenario

was small. Under the modified CDEC/TDEC projection, the total number

of claims for 1990-2049 in Table 9.8 was 369,489 — just 1.1% higher than in

Table 9.2.

Second, we assumed that filing rates for joint-mention claims remained

at their 1990-1994 levels but such claims became temporally separated: The

first-injury claim was filed as a noncancer disease/injury and the second-injury

claim filed as a cancer disease/injury. This overrode the SDIS criterion and

resulted in some proportion of first-injury cancer claims being reassigned as

noncancer claims during the period 1995-2049. Because the total claim filing

rate was unchanged by reassigning the component rates, the TDEC projection

of the surviving exposed population was unchanged. The results are summa-

rized in Table 9.9. Assuming 50% of cancer claims were reassigned, with 42%

reassigned to asbestos-related noncancer and 8% to nonasbestos-related dis-

ease (i.e., proportional to the 1990-1994 data), we projected 262,631 claims

(no change) in 1995-2049: 24,153 cancer (−50.0%), 194,626 asbestos-related
noncancer (+11.6%), and 43,852 nonasbestos-related disease (+9.7%). These

were upper bounds to the TDEC effect. Also, because total cancer claim

rates were unchanged, the CDEC projection was unaffected. However, the

percentage of second-injury cancer claims in 1995-2049 increased from 25.3%

to 62.7%. In addition, the combined CDEC/TDEC total increased to 389,769

claims (+6.6%) in 1990-2049 and 303,163 claims (+8.7%) in 1995-2049. Given

the extreme nature of the assumptions about cancer claim filing rates, the ef-

fects were not large. The assumptions underlying the baseline CDEC/TDEC

projections in Chapter 8 seemed reasonable because results were insensitive

to alternative treatments of claims with multiple diseases.

9.6 Analysis S3: CHR Smoothing

The claim filing rates in the second-stage calibration were recomputed with-

out the CHR smoothing procedure in Section 8.6.2. Smoothing was introduced

because the introduction of occupation into the model reduced the previous

cell sizes roughly by a factor of 8. The results are summarized in Table 9.10.

As with the baseline projection, the modified projection model exactly repro-

duced the age, occupation, and disease-specific male claim counts estimated

for the period 1990-1994. Total claims in the CDEC/TDEC projection for

1990-2049 were 365,615 with smoothing (Table 9.2); without smoothing, the

total was 387,110 (+5.9%).
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Table 9.9:  Analysis S2, Model 3 – Projections of Qualified Male Claims Against the Manville 
Trust, 1990-2049, with 50% of Cancer Claims Allocated to Noncancers in the TDEC 

Projection for 1995-2049

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 262,631 349,237 0.0
Cancer 11,506 24,153 35,659 -40.4
Noncancer 75,100 238,478 313,578 8.3
Asbestos-related noncancer 62,856 194,626 257,482 8.6
Nonasbestos-related & unknown 12,244 43,852 56,096 7.4

CDEC
Total 86,606 337,717 424,323 0.0
Cancer 11,506 64,685 76,191 0.0
Noncancer 75,100 273,032 348,132 0.0
Asbestos-related noncancer 62,856 225,931 288,787 0.0
Nonasbestos-related & unknown 12,244 47,101 59,345 0.0

CDEC/TDEC
Total 86,606 303,163 389,769 6.6
Cancer 11,506 64,685 76,191 0.0
Noncancer 75,100 238,478 313,578 8.3
Asbestos-related noncancer 62,856 194,626 257,482 8.6
Nonasbestos-related & unknown 12,244 43,852 56,096 7.4

Source:  Authors' calculations.

The increase was identifiable with certain classes (not shown in Table

9.10). Claims with unknown occupation increased by 10,087 (+10.1%). Claims

with asbestos-related noncancer increased by 15,569 (+6.6%). Claims with

mesothelioma (which was treated the same as the other diseases in the second-

stage calibration) increased by 22 (from 26,049 to 26,071). All occupation

categories except primary manufacturing exhibited increased claims. However,

the increases for insulation workers (+1.1%) and military (+0.7%) were small.

The largest increase was for unknown occupation (+10.1%). All DOFE periods

except 1970-1974 exhibited increased claims. The relative increases were small

for periods after 1950 (+6.7%, +5.4%, +5.2%, and +3.1%, respectively for

1950-1954, 1955-1959, 1960-1964, and 1965-1969). Prior to 1950, the relative

increases were all above 13.5% (1940-1944), with the largest relative increase

(36.7%) for 1925-1929. The largest post-WWII increase was 20.7% for 1945-

1949.
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Table 9.10:  Analysis S3, Model 1 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, Without CHR Smoothing

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 281,887 368,493 5.5
Cancer 11,506 48,533 60,039 0.4
Noncancer 75,100 233,354 308,454 6.6
Asbestos-related noncancer 62,856 189,906 252,762 6.6
Nonasbestos-related & unknown 12,244 43,448 55,692 6.6

CDEC
Total 86,606 377,766 464,372 9.4
Cancer 11,506 67,150 78,656 3.2
Noncancer 75,100 310,616 385,716 10.8
Asbestos-related noncancer 62,856 258,240 321,096 11.2
Nonasbestos-related & unknown 12,244 52,376 64,620 8.9

CDEC/TDEC
Total 86,606 300,504 387,110 5.9
Cancer 11,506 67,150 78,656 3.2
Noncancer 75,100 233,354 308,454 6.6
Asbestos-related noncancer 62,856 189,906 252,762 6.6
Nonasbestos-related & unknown 12,244 43,448 55,692 6.6

Source:  Authors' calculations.

9.7 Analysis S4: Exposure Smoothing

Step 4 of the first-stage baseline projection (Section 8.3.4) was recomputed

without smoothing the estimates of the distribution of mesothelioma claims

by age and date of first exposure (DOFE). In so doing, we replaced the expo-

sure data in Table 8.3 with a corresponding table based on the distribution

of mesothelioma claims stratified by age and TSFE as tabulated in step 3.

This replacement was possible because the approximations assumed that tab-

ulations based on TSFE and DOFE were interchangeable using the midpoint

of the relevant TSFE or DOFE categories to convert between the two time

measures. This replacement also allowed the normalization in step 5 to be sim-

plified using TSFE in place of DOFE. The results are summarized in Table

9.11. As with the baseline projection, the modified projection model exactly

reproduced the age, occupation, and disease specific male claim counts esti-

mated for the period 1990-1994. With smoothing, the total number of claims

in the CDEC/TDEC projection for 1990-2049 was 365,615 (Table 9.2); with-

out exposure smoothing, it was 368,946 (+0.9%). The direction of change

differed by type of disease: decreasing for cancer (−1.2%) and increasing for
noncancer claims (1.5%). The magnitude of these differences was small: The

smoothing of exposure had minor impact.
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Table 9.11:  Analysis S4, Model 1 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, Without Exposure Smoothing

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,578 265,721 352,299 0.9
Cancer 11,491 47,134 58,625 -2.0
Noncancer 75,087 218,587 293,674 1.5
Asbestos-related noncancer 62,845 177,612 240,457 1.4
Nonasbestos-related & unknown 12,242 40,975 53,217 1.9

CDEC
Total 86,578 343,268 429,846 1.3
Cancer 11,491 63,781 75,272 -1.2
Noncancer 75,087 279,487 354,574 1.9
Asbestos-related noncancer 62,845 231,022 293,867 1.8
Nonasbestos-related & unknown 12,242 48,465 60,707 2.3

CDEC/TDEC
Total 86,578 282,368 368,946 0.9
Cancer 11,491 63,781 75,272 -1.2
Noncancer 75,087 218,587 293,674 1.5
Asbestos-related noncancer 62,845 177,612 240,457 1.4
Nonasbestos-related & unknown 12,242 40,975 53,217 1.9

Source:  Authors' calculations.

9.8 Analysis S5: Weibull k Parameter

In Section 7.5, we found that the IWE model was sensitive to changes in

the k parameter of the Weibull hazard function for mesothelioma mortality.
We considered k values of 3.2 and 4.2 for the no-latency form of the Peto

et al. (1982) model. The estimate k = 3.2 was obtained from Peto et al.’s

(1982) analysis of the North American insulation worker data. The estimate

k = 4.2 was obtained from our reanalysis (Table 7.5) of data from the same

North American insulation workers, extended to 20 years of follow-up. Our

results indicated that Peto et al.’s (1982) estimate of k was too low by 1

unit. However, although our estimate k = 4.2 was appropriate for modeling

mesothelioma mortality among insulation workers, an estimate k = 3.2 was

appropriate for use with the general population of asbestos-exposed workers,

based on the same arguments used in obtaining the first two approximations

in Section 8.4.1. The projections with k = 4.2 were 50.5% higher for 1990-2049
than those with k = 3.2. We noted that without more detailed information

on occupation, it would be difficult to develop more accurate estimates of k .
The baseline model in Chapter 8 provided the necessary information on

occupation. In Section 8.4.1, we described the estimation and specification of

the OSHA (1983) form of the mesothelioma mortality model. In Table 8.7,
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Table 9.12:  Analysis S5, Model 1 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, with k  = 2

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 180,689 267,295 -23.5
Cancer 11,506 34,215 45,721 -23.6
Noncancer 75,100 146,474 221,574 -23.4
Asbestos-related noncancer 62,856 120,802 183,658 -22.6
Nonasbestos-related & unknown 12,244 25,672 37,916 -27.4

CDEC
Total 86,606 211,408 298,014 -29.8
Cancer 11,506 40,582 52,088 -31.6
Noncancer 75,100 170,826 245,926 -29.4
Asbestos-related noncancer 62,856 142,447 205,303 -28.9
Nonasbestos-related & unknown 12,244 28,379 40,623 -31.5

CDEC/TDEC
Total 86,606 187,056 273,662 -25.2
Cancer 11,506 40,582 52,088 -31.6
Noncancer 75,100 146,474 221,574 -23.4
Asbestos-related noncancer 62,856 120,802 183,658 -22.6
Nonasbestos-related & unknown 12,244 25,672 37,916 -27.4

Source:  Authors' calculations.

we showed that the 10-year latency form produced a better fit to the North

American insulation worker data than the no-latency model and that Peto

et al.’s (1982) estimate of k for the 10-year latency form again appeared to

be too low, this time by 0.8. Compared with the OSHA (1983) form of the

10-year latency model, Peto et al.’s (1982) estimate of k was too low by 1

unit (2.0 vs. 3.0). Because our estimate of k = 2.83 fell between these two

alternatives, it was of interest to evaluate the impact of setting k = 2 and k
= 3. The results are summarized in Tables 9.12 and 9.13.

With k = 2 (−29.3%), the total number of claims in the CDEC/TDEC
baseline projection for 1990-2049 decreased 25.2% from 365,615 to 273,662.

With k = 3 (+6.0%), the total number increased 7.5% to 393,088. The re-

duction in cancer claims for k = 2 was 31.6% and the increase for k = 3 was
9.8%, with each relative change being larger than the corresponding relative

change for noncancer claims (−23.4% and +6.9%, respectively).

Table 8.7 indicated that the best k estimate was somewhere near 3, and
likely closer to our estimate of 2.83. The chi-squared tests in Table 8.7 rejected

the Peto et al. (1982) estimate of k = 2 but not the OSHA (1983) estimate of
k = 3. The 7.5% difference in projected total claims between the baseline and
OSHA (1983) models was relatively small. OSHA (1986, p. 22,639) viewed the
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Table 9.13:  Analysis S5, Model 2 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, with k  = 3

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 286,754 373,360 6.9
Cancer 11,506 52,438 63,944 6.9
Noncancer 75,100 234,316 309,416 6.9
Asbestos-related noncancer 62,856 189,969 252,825 6.6
Nonasbestos-related & unknown 12,244 44,347 56,591 8.3

CDEC
Total 86,606 376,566 463,172 9.2
Cancer 11,506 72,166 83,672 9.8
Noncancer 75,100 304,400 379,500 9.0
Asbestos-related noncancer 62,856 251,367 314,223 8.8
Nonasbestos-related & unknown 12,244 53,033 65,277 10.0

CDEC/TDEC
Total 86,606 306,482 393,088 7.5
Cancer 11,506 72,166 83,672 9.8
Noncancer 75,100 234,316 309,416 6.9
Asbestos-related noncancer 62,856 189,969 252,825 6.6
Nonasbestos-related & unknown 12,244 44,347 56,591 8.3

Source:  Authors' calculations.

estimate of k = 3 as reasonable, especially given OSHA’s mandate “to make
assumptions which err on the side of overprotection of workers.” We agree.

Thus, although there remained considerable sensitivity to the estimate of

k , the value k = 2.83 used in our baseline projection was optimal for the 10-
year latency form of the OSHA (1983) model, and it yielded claim projections

only moderately lower than those obtained with k = 3. The use of Peto et

al.’s (1982) estimate of k = 2 yielded claim projections that were reduced an

additional 25.2%. We believe that this widely used estimate of k was too low
and produced biased projections.

9.9 Analysis S6: Relative Risks of Mesothelioma

Selikoff’s (1981) estimates of relative risks in Tables 3.1 and 8.8 were presented

without standard errors. We dealt with this in Section 3.3.3 by estimating the

standard errors of comparable relative risk estimates reported by McDonald

and McDonald (1980). We found that three of the four relative risk estimates

reported by Selikoff (1981) were within one standard error of McDonald and

McDonald’s (1980) estimates. These standard errors were converted to coef-

ficients of variation in the range 25-44%, with a mean of 33%. We took 33%
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Table 9.14:  Analysis S6, Model 1 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, with Relative Risks Reduced by 50%

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 301,370 387,976 11.1
Cancer 11,506 56,852 68,358 14.3
Noncancer 75,100 244,518 319,618 10.4
Asbestos-related noncancer 62,856 200,788 263,644 11.2
Nonasbestos-related & unknown 12,244 43,730 55,974 7.2

CDEC
Total 86,606 348,742 435,348 2.6
Cancer 11,506 67,642 79,148 3.9
Noncancer 75,100 281,100 356,200 2.3
Asbestos-related noncancer 62,856 233,296 296,152 2.6
Nonasbestos-related & unknown 12,244 47,804 60,048 1.2

CDEC/TDEC
Total 86,606 312,160 398,766 9.1
Cancer 11,506 67,642 79,148 3.9
Noncancer 75,100 244,518 319,618 10.4
Asbestos-related noncancer 62,856 200,788 263,644 11.2
Nonasbestos-related & unknown 12,244 43,730 55,974 7.2

Source:  Authors' calculations.

as a reasonable approximation to the average coefficient of variation of the

relative risks in Tables 3.1 and 8.8.

Another source of uncertainty in the baseline model related to the approx-

imate correspondence between the Trust’s occupation groups and Selikoff’s

groups (discussed in Section 8.3.2). Given the different methods of occupa-

tional coding in the two analyses, it was impossible to quantify the additional

uncertainty introduced into the model by these differences. However, the re-

sulting average coefficient of variation should be at least 33%, based on the

estimate derived earlier.

Given this uncertainty, we evaluated the impact of increasing or decreasing

each of the relative risks in Table 8.8 by 50%. The results are summarized in

Tables 9.14 and 9.15.

With a 50% reduction in relative risks, the total number of claims in the

CDEC/TDEC baseline projection for 1990-2049 increased from 365,615 to

398,766 (+9.1%). With 50% increase in relative risks, the total number de-

creased to 340,473 (−6.9%). The increase in cancer claims for reduced relative
risks was 3.9% and the reduction for increased relative risks was 3.4%, with

each relative change being smaller than the corresponding relative change for

noncancer claims (+10.4% and —7.8%, respectively).
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Table 9.15:  Analysis S6, Model 2 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, with Relative Risks Increased by 50%

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 234,040 320,646 -8.2
Cancer 11,506 42,303 53,809 -10.0
Noncancer 75,100 191,737 266,837 -7.8
Asbestos-related noncancer 62,856 154,882 217,738 -8.2
Nonasbestos-related & unknown 12,244 36,855 49,099 -6.0

CDEC
Total 86,606 328,031 414,637 -2.3
Cancer 11,506 62,130 73,636 -3.4
Noncancer 75,100 265,901 341,001 -2.0
Asbestos-related noncancer 62,856 219,445 282,301 -2.2
Nonasbestos-related & unknown 12,244 46,456 58,700 -1.1

CDEC/TDEC
Total 86,606 253,867 340,473 -6.9
Cancer 11,506 62,130 73,636 -3.4
Noncancer 75,100 191,737 266,837 -7.8
Asbestos-related noncancer 62,856 154,882 217,738 -8.2
Nonasbestos-related & unknown 12,244 36,855 49,099 -6.0

Source:  Authors' calculations.

Given the large sizes of the change in the assumed relative risks and the

relatively smaller sizes of the change in the projected number of claims, we

concluded that uncertainty in the relative risk estimates was not a major

source of uncertainty in the projections. On the other hand, the changes in

the projections were large enough to falsify the assumption of the IWE models

in Chapters 4-7 that proportional changes in the relative risk of mesothelioma

would cancel out in the first-stage calibration, leaving the second-stage pro-

jections unaltered.

9.10 Analysis S7: Duration of Exposure

Selikoff’s (1981) estimates of average durations of exposures in Table 8.8 were

presented without standard errors. These estimates were derived using the

workforce turnover model described in Section 3.3.2, so the variability in the

average durations depended on the variability of the estimates of the number

of new entrants in asbestos-exposed occupations. Selikoff’s (1981) estimates of

new entrants in 1950-1969 were 3.0 times those of similar estimates prepared

by Nicholson et al. (1981a), implying average durations two-thirds lower. Even

allowing for the improvements in Selikoff’s (1981) methods, these differences



9.10 Analysis S7: Duration of Exposure 333

Table 9.16:  Analysis S7, Model 1 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, with Average Durations of Exposure Reduced by 50%

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86606 271222 357828 2.5
Cancer 11506 51508 63014 5.4
Noncancer 75100 219714 294814 1.9
Asbestos-related noncancer 62856 180677 243533 2.7
Nonasbestos-related & unknown 12244 39037 51281 -1.8

CDEC
Total 86606 316981 403587 -4.9
Cancer 11506 61764 73270 -3.8
Noncancer 75100 255217 330317 -5.1
Asbestos-related noncancer 62856 212203 275059 -4.8
Nonasbestos-related & unknown 12244 43014 55258 -6.9

CDEC/TDEC
Total 86,606 281,478 368,084 0.7
Cancer 11,506 61,764 73,270 -3.8
Noncancer 75,100 219,714 294,814 1.9
Asbestos-related noncancer 62,856 180,677 243,533 2.7
Nonasbestos-related & unknown 12,244 39,037 51,281 -1.8

Source:  Authors' calculations.

indicated that the variability of the estimates of duration of exposure must be

large. In addition, given that Selikoff (1981) and we used different methods of

coding occupation, the estimates in Table 8.8 were at best only approximations

to the durations experienced by workers exposed to Manville asbestos.

The impact of increasing or decreasing each of the average duration esti-

mates in Table 8.8 by 50% is summarized in Tables 9.16 and 9.17.

With the 50% reduction in average durations of exposure, the total num-

ber of claims in the CDEC/TDEC baseline projection for 1990-2049 increased

from 365,615 to 368,084 (+0.7%). With the 50% increase in average durations

of exposure, the total number also increased, to 372,009 (+1.7%). For cancer,

however, the reduction in average durations of exposure led to a correspond-

ing 3.8% reduction in claims, whereas the increase in average durations of

exposure led to a 4.9% increase. For noncancer claims, both changes led to

small increases in claims (+1.9% and +0.9%, respectively).

These results were consistent with the comparisons of Selikoff (1981) and

Nicholson et al. (1981a) in Table 3.4 in which the shorter durations implicit

in Selikoff’s (1981) model resulted in a 0.8% decrease in the projected number

of cancer deaths for 1979-1999.
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Table 9.17:  Analysis S7, Model 2 – Projections of Qualified Male Claims Against the 
Manville Trust, 1990-2049, with Average Durations of Exposure Increased by 50%

% Change
Projection Interval From

Projection Type 1990-1994 1995-2049 1990-2049 Table 9.2

TDEC
Total 86,606 264,412 351,018 0.5
Cancer 11,506 47,452 58,958 -1.4
Noncancer 75,100 216,960 292,060 0.9
Asbestos-related noncancer 62,856 174,906 237,762 0.2
Nonasbestos-related & unknown 12,244 42,054 54,298 4.0

CDEC
Total 86,606 362,034 448,640 5.7
Cancer 11,506 68,443 79,949 4.9
Noncancer 75,100 293,591 368,691 5.9
Asbestos-related noncancer 62,856 241,632 304,488 5.4
Nonasbestos-related & unknown 12,244 51,959 64,203 8.2

CDEC/TDEC
Total 86,606 285,403 372,009 1.7
Cancer 11,506 68,443 79,949 4.9
Noncancer 75,100 216,960 292,060 0.9
Asbestos-related noncancer 62,856 174,906 237,762 0.2
Nonasbestos-related & unknown 12,244 42,054 54,298 4.0

Source:  Authors' calculations.

As large changes in the average durations of exposure led to small changes

in the projected number of claims, we concluded that uncertainty in the av-

erage durations was a minor source of uncertainty in the projections. The

impact was substantially less than that of comparable changes in the relative

risks in Section 9.9. To understand why, consider the impact of duration in

the three approximations shown in Section 8.4.1. In the first approximation,

duration behaved like relative risk; in the second, duration affected both rel-

ative risk and time, but in opposite ways; and in the third, duration had no

effect. The pattern of changes in Tables 9.16 and 9.17 were consistent with

the second and third approximations.

9.11 Overall Sensitivity: Analyses S1-S7

Comparisons of sensitivity analyses S1-S7 yielded additional insight into the

uncertainty of the baseline model. Table 9.18 compares the projected total

number of claims for 1990-2049, sorted in ascending size within each individual

sensitivity analysis. The totals ranged from 273,662 to 531,397 claims with a

median of 369,218 claims and a relative range of —25.2% to +45.3%.
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Table 9.18:  Comparisons of Alternative Projections of the Total Number of Qualified Male 
Claims Against the Manville Trust, 1990-2049, with Models Sorted by Increasing Impact 

Within Senitivity Analysis Groupings

 Difference (%) of
Total Total Claims in Model

Claims from Total Claims
Analysis Model # 1990-2049 in Baseline Analysis

Baseline S0 0 365,615 0.0

S1 2 2 365,067 -0.1
1 1 366,461 0.2

S2 2 4 369,489 1.1
3 5 389,769 6.6
1 3 531,397 45.3

S3 1 6 387,110 5.9

S4 1 7 368,946 0.9

S5 1 8 273,662 -25.2
2 9 393,088 7.5

S6 2 11 340,473 -6.9
1 10 398,766 9.1

S7 1 12 368,084 0.7
2 13 372,009 1.7

Median S1–S7 14 369,218 1.0

Source:  Authors' calculations.

The lowest projection was analysis S5, Model 1, with k = 2 — the value

reported by Peto et al. (1982) for the 10-year latency form of the Weibull

model. This projection was substantially lower than any other projection and

was based on a k value that we judged to be implausibly low.
The highest projection was analysis S2, Model 1, which was based on

summary totals of the number of mentions of each disease, with multiple

mentions per claim counted as separate disease occurrences in the tabulation

of the Manville Trust calibration data for 1990-1994. This projection was

substantially higher than any other projection and was believed to be an upper

bound to the number of claims that would be filed in future years under the

assumption that each occurrence of an asbestos-related disease would lead to

a distinct claim.

The remaining 11 projections fell within 9% of the baseline projection.

These projections included reasonable variations in conversion from alleged
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to validated disease, smoothing procedures, and estimated parameter values,

including the Weibull shape parameter k , the relative risks, and the average
durations of exposure to asbestos. These factors were the most critical parts

of the model. Assessing their influence on the projections was important to

the evaluation of the performance of the model and to the acceptance of the

model structure underlying the baseline projections in Chapter 8. The low

degree of sensitivity associated with these factors suggested that the con-

straint on the first-stage calibration to exactly reproduce the total number of

claims estimated for 1990-1994 successfully reduced the overall variability of

the projections to a modest level.

Figure 9.1 displays the distribution of total claims by quinquennium for

the full set of models. Except for the above-noted two extreme models, the

remaining 11 projections were tightly clustered from the beginning to the end

of the projection. Figure 9.2 shows the cumulative number of claims at each

quinquennium according to the same projections. Again, the clustering of the

11 central projections is apparent.

The sensitivity analyses exhibited variability in the mix of cancer and non-

cancer claims, even where the total number of claims was unchanged from the

baseline model. Figures 9.3 and 9.4 display the quinquennial and cumulative

distributions, respectively, of cancer claims for the 13 models. Figures 9.5 and

9.6 display the corresponding results for noncancer claims.

Except for analyses S1, Model 1 (validated diseases based on Table 6.1),

and S5, Model 1 (k = 2), all of the cancer projections, including the multiple
mentions projection in analysis S2, Model 1, were clustered relatively tightly.

From 1990-1994 to 2005-2009, analysis S1, Model 1, produced the highest

numbers of cancer claims. Beginning in 2010-2014, analysis S5, Model 2 (k =
3), produced the highest quinquennial numbers of cancer claims and, begin-

ning in 2015-2019, the second highest cumulative numbers of cancer claims.

These results indicated that the cancer projections were more stable than the

projections of total claims.

In contrast, the extremes of the noncancer projections exhibited greater

variability, primarily due to the multiple-mentions projection in analysis S2,

Model 1. The rate of decrease of the noncancer projections was more rapid

than that of the cancer projections. For example, the median cancer projection

in 2020-2024 was 46.8% of the size of the median in 1990-1994, whereas the

corresponding noncancer ratio was 13.6%.

9.12 Conclusions

The Rule 706 Panel concluded that the structure and assumptions of the

baseline hybrid model in Chapter 8 improved the structure and assumptions

of the baseline model in Chapter 6.

The high level of uncertainty in Chapters 6 and 7 about how best to ap-

proximate the parameter k in applications to asbestos-exposed workers was
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largely resolved by considering occupation in the model in Chapter 8. This

change yielded the largest impact of the variations tested in Chapter 7. The

sensitivity to the value of k continued in the analyses conducted in this chap-
ter. The difference was that the reductions in the value of k by up to 1 unit
depending on the average durations of exposure over the various occupations

was automatically handled by the OSHA (1983) form of the mesothelioma

incidence function. The first-stage calibration based on the mesothelioma in-

cidence rates was more accurate. In addition, it yielded estimates of the actual

number of real workers exposed to asbestos at various times in the past, rather

than the numbers of hypothetical IWEs in the prior models.

To implement this model, we required estimates of the relative risks of

mesothelioma and average durations of exposure by occupation. Estimates

of these parameters were provided by Selikoff (1981) in a form that roughly

corresponded to the occupations coded by the Manville Trust. The analyses

in this chapter indicated that the sensitivity to these parameter estimates was

relatively low and was especially low for average duration of exposure.

We tested changes in relative risks of 50%. Although this range may seem

large, in Section 2.4 we saw that the EPA (1986) determined that the relative

risks varied by a factor of 5, with a 95% confidence interval ranging from 0.2

to 5.0. In addition, in Table 8.7 we found that the proportionality constant

b in the Weibull hazard model had a relative standard error of 5% for fixed

values of k , which increased to 48% for variable values of k . Both of these
results indicated that the potential variability of the relative risks may be

substantially larger than the 50% considered here.

One factor considered in Chapter 7 (analysis S9), but not here, was the

impact of decreases in the propensity to sue for asbestos-related diseases.

The motivation for the analysis in Chapter 7 was the possibility that the

claim filing rates would decline as the assets of defendants were depleted.

That analysis indicated that the cumulative total number of claims could be

49% lower than the baseline projection. Counterbalancing this effect was the

finding in this chapter (analysis S2, Model 1) that the cumulative total number

of claims could be 45% higher than the baseline projection if each individual

disease generated a claim.

Under this hypothetical modification of the claim process, the number of

“claims” in the initial calibration period 1990-1994 was 42% higher than the

baseline number. Thus, this analysis also illustrated the impact of an imme-

diate 42% increase in the claim filing rates in the first-stage calibration. All

of the other analyses were based on the assumption that the claim filing rates

estimated for 1990-1994 would continue to apply post-settlement. Although

there was concern about the validity of this assumption, no data were avail-

able to determine the size or direction of any change that might occur, and

there were arguments made for changes in both directions. To deal with this

issue, we examined the monthly claim data in Figures 6.2-6.6 to assess the

impact of the judicial stay issued in July 1990 suspending all Trust payments

except in a limited number of special cases. This stay was cited by those
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arguing for consideration of additional adjustments in the projection as an

important example of the types of change that could occur. Our evaluation of

the monthly claim data indicated that there was no obvious decrease in the

claim filing rates at that time; if anything, there was a small increase. The

argument that the legal proceedings suppressed the claim filing rates in the

calibration period was not compelling. The Rule 706 Panel decided to make

no specific adjustment to the projections on this account.

On the other hand, the Rule 706 Panel concluded that the previously

established uncertainty limits of 50% should be maintained to account for the

various sources of uncertainty described in this chapter and in Chapter 7. The

Panel believed it was reasonable to expect that the actual deviations of future

claims from the baseline projection could be substantially larger than shown

in the central projections in Figures 9.1-9.6, possibly extending beyond the

levels indicated by the two most extreme projections.

We shall evaluate the performance of the Rule 706 Panel’s models in com-

parison with recent claims experience in Chapter 10.



10

Conclusions and Implications

10.1 Introduction

The official work of the Rule 706 Panel ended with the presentation of the

analyses reported in Chapters 6-9 as oral and written court testimony in

March and May 1994. At that time, we expected a long trial during which

Panel members would be subjected to intense direct questioning and cross-

examination. Instead, a negotiated agreement was reached in July 1994. The

litigation was settled in December 1994 (Weinstein, 1994), final approval of

a new Trust Distribution Process (1995 TDP) was given by Judge Weinstein

on January 19, 1995, and the 1995 TDP went into effect on February 21,

1995 and remained in effect until June 19, 2001, at which time the pro rata

share (payment rate) was cut in half. A revised Trust Distribution Process

(2002 TDP) was implemented on August 28, 2002, effective with claims filed

on or after January 2, 2003. The Trust anticipated raising the pro rata share

in mid-2003 after the 2002 TDP had been in effect long enough to assess its

impact on the filing of claims.

The charge to the Rule 706 Panel was to project the number of claims for

asbestos-related injuries against the Manville Trust by disease category, over

time, by age of claimant, for as long as there were asbestos-related injuries

due to Manville asbestos. Because the payment schedules and pro rata pay-

ment rates were contested, the Panel did not report monetary values of the

projected claims using the settlement amounts in Table 6.1 or any other pay-

ment schedules. Nonetheless, in his oral testimony on March 15, 1994, Joel E.

Cohen described how one could use the projections to compute present values

of current and future liabilities for the purpose of setting pro rata payment

rates. This method was effectively implemented by the Manville Trust using

the Rule 706 Panel projections and the Trust’s own projections in the witness

statement of Mark E. Lederer, Manville Trust CFO, on May 5, 1994 (Lederer,

1994).

Lederer (1994) combined a range of claim projections with a range of

economic assumptions about the cash flows that could be generated from the

345
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Trust’s assets. He obtained sets of pro rata shares ranging from 9.1% to 20.2%.

The Rule 706 Panel’s baseline model led to pro rata shares in the range 13.4-

15.0%. Lederer (1994) recommended that the pro rata share for the 1995 TDP

be set at 10.0% to account for uncertainty in the combined projections and

the asymmetry of the Trust’s future ability to compensate for error in the

initial pro rata share value. If the value were set too high, the Trust would

be unable to recapture the excess funds that had been paid out. If the value

were set too low, the Trust would be able to supplement payments to Trust

beneficiaries with liquidated claims who had been underpaid. Both the 1995

and 2002 TDPs required that the Trust reestimate at least every 3 years the

values of its assets and liabilities to determine if a revision of the pro rata

share value was warranted.

The Trust retained the initial 10% pro rata share for the first six years of

its renewed operations, indicating that the initial projections were reasonably

satisfactory. However, the pro rata share was cut in half in 2001. The 2002

TDP contained substantial revisions to the scheduled payment values. These

changes suggested that the claim filing experience was developing in ways that

were previously unanticipated.

In this chapter, we use the Rule 706 Panel’s baseline hybrid projections to

evaluate the Trust’s claim filing experience for 1995-1999. Because the Panel’s

projections provided a set of expectations for the detailed characteristics of the

claim filing process, the deviations from those expectations were analyzed for

systematic patterns. These analyses provided further insight into the modeling

and forecasting processes, given that 5 years were sufficient for the vagaries

of the claim filing and Trust payment processes to have emerged.

We also compared the Trust’s claim filing experience for 1995-1999 with

the corresponding values from the extreme upper and lower projections in

Chapters 7 and 9. These comparisons indicated that the deviations of actual

from projected values were larger than expected under the uncertainty analy-

ses described in these chapters, providing further evidence that the claim filing

experience was developing in ways that were previously unanticipated.

We began by analyzing the differences between the original claim data

provided to us in 1992 and the updated data on claim filings through the end

of 2000. The most significant finding was that a substantial reclassification of

unknown diseases resulted in a 27.8% increase in cancer claims and a 4.0%

decrease in noncancer claims, compared to the 1990-1992 calibration data

used in Chapters 6-9 (see Table 10.3).

The actual numbers of claims in the periods 1990-1994 and 1995-1999

exceeded the projected numbers by 1.2% and 103.6%, respectively. Cancer

claims exceeded projections by 13.1% and 45.1%. Noncancer claims differed

from projections by −0.6% and 115.1%. Given the substantial reclassification
of disease claims in the calibration period, we adjusted the comparisons for

1995-1999 to remove the effects of the observed differences in 1990-1994. These

adjustments indicated that there was an excess of 28.3% cancer and 116.3%
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noncancer claims in 1995-1999 over what might be projected using the updated

data for 1990-1994 (see Table 10.4).

It was known for several years that the total claim filings substantially

exceeded the Rule 706 Panel’s baseline projections. We now report our un-

derstanding of the reasons for these discrepancies. Two processes govern the

filing of claims: (1) a stable, predictable biological process, interacting with

(2) a complex and evolving litigation process that links the diagnosis of an

asbestos-related disease to the decision to file a legal claim against one or

more asbestos defendants.

Evidence that the biological processes underlying the mesothelioma and

lung cancer rates were stable was provided by Surveillance, Epidemiology, and

End Results Program (SEER) data 1973-1999, and national mortality data

for 1999.

Evidence for the changing nature of the litigation was provided by the

accelerated pace of bankruptcy filings (Figure 10.1). Following a 4-year pe-

riod with only two bankruptcies, 1998 marked the start of a new round of

bankruptcies. By year-end 1999, 6 more companies had filed for bankruptcy.

By year-end 2002, another 28 companies had filed (Biggs, 2003). In less than

5 years, the number of bankruptcies had more than doubled (increasing from

31 to 65 companies).

The observation of relatively modest adjusted increases for cancer claims

in the face of vastly increasing overall claims (28.3% vs. 116.3%) supported

our model of distinct processes governing the biology and the litigation.

We conclude the chapter by discussing the use of these and similar pro-

jections in economic and actuarial cost calculations. We indicate how our

forecasting model for the Manville Trust might be applied to other asbestos

product liability cases. We briefly consider how these methods and results

might be used in developing global settlements for asbestos-related injuries,

in the context of continuing changes in litigation.

10.2 Data

The Manville Trust continued to maintain data on the claim settlement

process and prepared an extract of all qualified claims filed against the Trust

from the start of operations on November 28, 1988, through December 21,

2000. An initial extract of these data, prepared on December 24, 2000, was

updated on February 11, 2001.

Summary counts of all claims, in total and by gender, for each year and

each disease, show substantial variation from year to year (e.g., 1996 and

2000), with a generally upward trend from the early 1990s onward (Table

10.1).

When the numbers of claims were plotted by year and disease (Figure

10.2), most claims were for asbestosis and pleural plaques. To discern the

cancer claims, Figure 10.3 displays the numbers of claims by year for the four
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cancer categories only. These figures reveal that the large increase in total

claims in 1996 comprised a modest decrease in the number of cancer claims

and a large increase in the number of noncancer claims.

The claim filing rates in these figures may have been affected by one or

more of the following characteristics of the litigation environment:

1990—1992: The calibration period for the Rule 706 Panel’s model — A judicial

stay was issued in July 1990; a new Proof of Claim Form was

issued in September 1992.

1993—1994: The time during which the Rule 706 Panel’s model was developed

— The Manville Trust case was effectively resolved by mid-1994.

1995—1996: First 2 years of operation of the 1995 TDP — The increase in total

claims in 1996 was not accompanied by a corresponding increase

in cancer claims.

1997—1999: Total claims were close to or lower than their 1995 levels; cancer

claims were lower.

2000: Filing rates for both total claims and cancer claims increased sig-

nificantly. At the same time, similar increases were experienced by

a large number of solvent asbestos defendants, reflecting a major

change in the external litigation environment; see Figure 10.1.

2001—2002: The Trust’s 2001 and 2002 Annual Reports indicated that the

number of qualified claims increased to 89,426 in 2001 and de-

creased to 53,487 in 2002. The 1995 TDP was replaced with the

2002 TDP. No breakdown by disease category was provided; this

period was not included in our analysis.

10.3 Comparisons of Original and Updated Data

Before we could confidently compare the actual and projected number of

claims in the period 1995-1999, we had to validate the new data by compar-

ing the actual number of claims in the period 1988-1992 based on the original

1992 data described in Sections 6.2 and 6.5 with the 2000 data described in

Section 10.2.

The top panel of Table 10.2 shows that 14,219 of 206,810 claims (6.9%)

in the original 1992 file were disqualified at that time, yielding the total of

192,591 claims reported in Table 6.4. The 2000 update of the Trust files con-

tained substantial revisions to this information, reflecting the acquisition of

more accurate and complete information during the claim settlement process.

Of the 14,219 disqualified claims in 1992, 7802 were requalified in 2000; how-

ever, another 15,879 claims originally qualified were later disqualified. A total

of 22,296 claims (10.8%) were disqualified in the 2000 data. The highest rel-

ative rates of disqualification for previously qualified claims were for claims

filed in 1991 and 1992.

The top panel of Table 10.2 shows the distribution of qualified and dis-

qualified claims by claim filing year, as recorded in the 2000 data. Comparison
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Table 10.2:  Number of Claims Filed Against the Manville Trust, 1988-1992, by Qualification 
Status in 1992 and Percentages by Final Qualification Status in 2000

Claim Status in 2000 Status in 2000
Status in 1992 Filing Year Qualified Disqualified Total Qualified Disqualified

Qualified 1988 32,388 103 32,491 99.7% 0.3%
1989 99,229 8,892 108,121 91.8% 8.2%
1990 15,395 958 16,353 94.1% 5.9%
1991 15,077 3,441 18,518 81.4% 18.6%
1992 14,623 2,485 17,108 85.5% 14.5%

Subtotal 176,712 15,879 192,591 91.8% 8.2%

Disqualified 1988 118 465 583 20.2% 79.8%
1989 1,103 4,392 5,495 20.1% 79.9%
1990 6,164 615 6,779 90.9% 9.1%
1991 236 536 772 30.6% 69.4%
1992 181 404 585 30.9% 69.1%
Unknown 0 5 5 0.0% 100.0%

Subtotal 7,802 6,417 14,219 54.9% 45.1%

Total 184,514 22,296 206,810 89.2% 10.8%

Status in 2000 Status in 2000
Status in 1992 Sex Qualified Disqualified Total Qualified Disqualified

Qualified Male 171,162 15,723 186,885 91.6% 8.4%
Female 4,986 147 5,133 97.1% 2.9%
Unknown 564 9 573 98.4% 1.6%

Subtotal 176,712 15,879 192,591 91.8% 8.2%

Disqualified Male 7,354 5,976 13,330 55.2% 44.8%
Female 370 207 577 64.1% 35.9%
Unknown 78 234 312 25.0% 75.0%

Subtotal 7,802 6,417 14,219 54.9% 45.1%

Total 184,514 22,296 206,810 89.2% 10.8%

Male Subtotals for 1990-1992 Status in 2000 Status in 2000
Status in 1992 Qualified Disqualified Total Qualified Disqualified

Qualified 43,706 6,818 50,524 86.5% 13.5%
Disqualified 6,166 1,487 7,653 80.6% 19.4%

Total 49,872 8,305 58,177 85.7% 14.3%

Source:  Authors' tabulations of Manville Trust data.

with Table 6.4 shows small changes for each year, the most significant being

a reduction of 327 claims in 1990 and a roughly compensating increase of 338

claims in 1989.

The middle panel of Table 10.2 shows the distribution of qualified and

disqualified claims by sex, as recorded in the 2000 data. Comparison with

Table 6.4 shows minor changes in classification by sex: 16 fewer cases with

unknown sex, 15 additional males, and 1 additional female. Females had a
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higher percentage of claims that either remained qualified or became qualified

if originally disqualified.

The bottom panel of Table 10.2 shows the distribution of qualified and

disqualified male claims filed during 1990-1992, using the date recorded in the

2000 data. Comparison with Table 6.4 shows a reduction of 406 claims (0.8%),

which was primarily due to revisions in the 1990 filing dates. The most no-

table findings in this panel were that 80.6% of originally disqualified claims

were reclassified as qualified in the 2000 data and 13.5% of originally quali-

fied claims were disqualified in the 2000 data. These changes were important

because qualified male claims filed in 1990-1992 were used in calibrating our

models in Chapters 6-9. Changes in the composition of this group could affect

our projections.

Table 10.3 shows the distribution of the 49,872 qualified male claims in

the 2000 data files by the original and revised classification of most severe

alleged disease. The claims classified as cancer in the 1992 data files contin-

ued to be classified as cancer in the 2000 data files, but a substantial num-

ber of noncancer claims in the 1992 data files were reclassified as cancer in

the 2000 data files. The net impact of these changes is shown in the row

with the disease-specific ratios of the 2000 classifications to the 1992 classi-

fications. Mesothelioma, lung cancer, and colon/rectal cancers increased by

20.3%, 32.5%, and 45.0%, respectively, with an overall increase of 27.8% for

cancer claims. Asbestosis remained nearly the same (+1.9%). The remaining

three categories (pleural plaques, nonasbestos-related diseases, and unknown

diseases) declined 11-16%. Overall, noncancer claims decreased 4.0%.

The primary increments to mesothelioma and lung cancer in the 2000 data

were 528 claims classified as “unknown disease” in the 1992 data, 91.9% of

which were filed in 1990 without diagnostic information. These changes were

important because qualified male mesothelioma claims filed in 1990-1992 were

the primary data used in calibrating our models in Chapters 6-9. Changes

to the initial number of claims classified as due to this disease could have

substantial effects on our projections.

10.4 Comparisons of Actual and Projected Numbers of

Claims

We grouped the observed claims in the 2000 data into two filing periods for de-

tailed analysis: 1990-1994 and 1995-1999. For both filing periods, we compared

the actual claim counts with the baseline hybrid model projection summarized

in Table 8.19.

Table 10.4 shows that the actual number of claims filed in 1990-1994 was

1.2% higher than projected. This discrepancy was within the tolerances used

for the generation of the baseline calibration data tables in Section 8.3 (e.g.,

compare Tables 8.2 and 8.4). Thus the use of the claim data for the period
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January 1990 through June 1992 as the basis of the initial claim estimates for

the 5-year period 1990-1994 was successful.

Table 10.4 shows that the actual number of cancer claims filed in 1990-

1994 was 13.1% higher than projected and the actual number of noncancer

claims was 0.6% lower than projected. These discrepancies are about half the

size of the discrepancies noted earlier for the comparisons of the cancer claims

for 1990-1992 obtained from the original 1992 data with corresponding claims

obtained from the 2000 data. This suggests that the process that led to the

reclassification of “unknown disease” claims in 1990 was not repeated later in

the period 1990-1994.

The use of the baseline projections to understand changes that occurred in

the period 1995-1999 is most effective when the actual and projected values for

the calibration period are the same. We can force equality between these two

sets of values by multiplying each projected disease-specific value by the ratio

of the actual to projected 1990-1994 values for that disease. This is illustrated

in Table 10.4 for 1995-1999 under the heading “Adjusted Difference.” For

example, the 26.9% adjusted difference for mesothelioma was obtained from

the two observed differences (9.6% and 39.0%) as 26.9% = (139.0/109.6−1)×
100%.
The actual total number of claims filed in 1995-1999 was 103.6% higher

than projected and 101.1% higher than projected with the 1990-1994 adjust-

ment. The actual number of cancer claims was 45.1% higher than projected

and 28.3% higher than projected with the 1990-1994 adjustment. In contrast,

the actual number of noncancer claims was 115.1% higher than projected and

116.3% higher than projected with the 1990-1994 adjustment. The noncancer

discrepancy represented an additional 88.0% increase in noncancer claims,

beyond the 28.3% expected based on the cancer increase.

We also compared actual and projected numbers of cancer and noncancer

claims in 1995-1999 for the extreme upper and lower projections in Figures

7.1 and 9.1 (Table 10.5). The actual numbers of claims were larger than the

extreme upper projections in all cases. (Entries in this and some of the fol-

lowing tables are rounded. Hence some sums of entries quoted below differ

slightly from the sums of the rounded summands in given in the tables.)

The smallest deviations occurred for analysis S2, Model 1, in Chapter 9,

which assumed that beyond 1990-1994 each individual disease in the baseline

projection would generate a claim — equivalent to an immediate 41.9% in-

crease in claim filing rates in the first-stage calibration. Under this model, the

adjusted differences were 21.1% for cancer, 43.9% for noncancer, and 40.6%

for total claims.

The next smallest deviations were obtained for analysis S4, Model 2, in

Chapter 7, which, along with all of the other models except analysis S2, Model

1, in Chapter 9, assumed that the claim filing rates estimated for 1990-1994

would continue to apply beyond 1990-1994. Under this model, the adjusted

differences were 35.9% for cancer, 82.2% for noncancer, and 75.3% for total

claims.
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Table 10.5:  Actual and Projected Numbers and Types of Qualified Male Claims Filed 
Against the Manville Trust, 1995-1999 – Baseline Model and Upper and Lower Extremes 

from Chapters 7 and 9

Alleged Disease Actual Projected Difference
Adjusted 

Difference

Chapter 8 Baseline Hybrid Model

Total 160,490 78,845 103.6% 101.1%
Cancer 18,813 12,968 45.1% 28.3%
Noncancer 141,677 65,877 115.1% 116.3%

Chapter 9 Analysis S2 Model 1

Total 160,490 112,754 42.3% 40.6%
Cancer 18,813 13,740 36.9% 21.1%
Noncancer 141,677 99,014 43.1% 43.9%

Chapter 7 Analysis S4 Model 2

Total 160,490 90,066 78.2% 75.3%
Cancer 18,813 11,276 66.8% 35.9%
Noncancer 141,677 78,789 79.8% 82.2%

Chapter 9 Analysis S5 Model 1

Total 160,490 67,350 138.3% 135.4%
Cancer 18,813 11,293 66.6% 47.3%
Noncancer 141,677 56,057 152.7% 154.2%

Chapter 7 Analysis S9 Model 3

Total 160,490 55,424 189.6% 184.8%
Cancer 18,813 7,293 158.0% 110.1%
Noncancer 141,677 48,131 194.4% 198.2%

Source:  Stallard and Manton (1994, Tables D, F, and H); and authors' tabulations of Manville
              Trust data.

All other models exhibited larger adjusted differences, the largest being for

analysis S9, Model 3, in Chapter 7 (110.1% for cancer, 198.2% for noncancer,

and 184.8% for total claims).

These comparisons indicate that the deviations of actual from projected

values were larger than the largest deviations expected under the uncertainty

analyses conducted for the Rule 706 Panel. In other words, neither the baseline

model nor any of the 40 alternatives evaluated in Chapters 7 and 9 accurately

described the numbers and types of claims against the Manville Trust during

1995-1999.

Moreover, because all of the alternative models considered in the uncer-

tainty analyses were forced to exactly reproduce the claim count estimates

for the 1990-1994 calibration period, it is highly unlikely that the claim filing

process in effect for 1995-1999 can be described as a simple continuation of

the process in effect for 1990-1994.

Explanations for the increases in claim filings during the period 1995-

1999 must account not only for the increase in cancer claims but also for
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the additional increase in noncancer claims beyond that accounted for by the

increase in cancer claims.

Table 10.6 stratifies the disease comparisons for the baseline hybrid model

by age. The panel for total claims shows that the actual exceeded the projected

number of claims in 1990-1994 up to age 64, with a reversal thereafter. For

1995-1999, the actual exceeded the projected number of claims at all ages, but

the relative excess was substantially larger at younger ages. The age trend was

reduced, but not eliminated, by the adjusted differences.

For all diseases, there was instability at the youngest age group, in part

due to the inclusion of 651 actual claimants younger than 40 years in 1995-

1999 who would have been excluded from the projection because they were

younger than 15 years in 1970-1974. Thus, assessments of age trends should

be restricted to ages 45-49 and older.

The age trends in the adjusted differences for 1995-1999 are displayed in

Figure 10.4, where they fall into three groups: (1) cancers, (2) asbestos-related

noncancers, and (3) nonasbestos-related and unknown diseases. The third

group had effectively disappeared from the actual claims data. The cancers

exhibit a relatively flat pattern over age. Within the asbestos-related non-

cancers, the adjusted differences for asbestosis exhibited a substantial decline

over age while the adjusted differences for pleural plaques were relatively sta-

ble. Except for mesothelioma and colon/rectal cancer, the adjusted differences

declined for the two oldest age groups.

These patterns were consistent with the interpretation that the increased

claims in 1995-1999 were for the less serious diseases, with the largest relative

increases occurring for younger claimants. Given that the adjusted differences

for the cancers were smaller and occurred relatively uniformly over age, it was

informative to consider the changes in the SEER data over the same periods.

10.5 Health and Vital Statistics Data, 1990-1999

The estimated national mesothelioma incidence (diagnosis) counts derived

from National Cancer Institute’s SEER data, displayed for males in Table 10.7

and Figure 10.5, exhibited only modest increases over the period 1990-1999.

The total number of deaths increased from 11,030 in 1990-1994 to 11,290 in

1995-1999 (+2.4%), which contrasts with a 44.9% increase in actual mesothe-

lioma claims (Table 10.4). The ratio of Manville Trust claims to SEER di-

agnoses increased from 38.7% to 54.7%. This ratio may be interpreted as a

measure of the propensity to sue the Manville Trust among all mesothelioma

cases.

The 2.4% increase in SEER mesothelioma diagnoses was less than the

projected 14.2% increase in mesothelioma claims in Table 10.4 (also in Table

8.19). Both increases were consistent with the assumption of a stable bio-

logical process underlying the filing of mesothelioma claims. The increase in

the ratio of actual claims to diagnoses from 38.7% to 54.7% suggests that
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Table 10.6:  Actual and Projected Numbers and Types of Qualified Male Claims Filed 
Against the Manville Trust, 1990-1994 and 1995-1999, by Age

Quinquennium
1990-1994 1995-1999 1995-1999

Age Actual1 Projected Difference Actual2 Projected Difference
Adjusted 

Difference
1. Mesothelioma

0-44 87 47 86.0% 83 18 351.6% 142.8%
 45-49 125 90 38.4% 136 95 43.5% 3.7%
 50-54 276 214 29.1% 283 159 78.5% 38.2%
 55-59 402 332 21.0% 569 323 76.4% 45.7%
 60-64 653 556 17.5% 749 455 64.5% 40.0%
 65-69 855 765 11.8% 1,018 708 43.8% 28.7%
 70-74 870 801 8.6% 1,308 926 41.3% 30.1%
 75-79 609 628 -3.0% 1,164 878 32.5% 36.7%
 80-84 277 311 -10.8% 611 592 3.2% 15.7%
 85-89 96 125 -22.8% 209 232 -9.9% 16.8%

 90+ 13 22 -40.6% 49 59 -17.2% 39.5%
2. Lung Cancer

0-44 74 45 64.6% 44 28 57.5% -4.3%
 45-49 179 133 34.7% 161 185 -13.0% -35.4%
 50-54 364 247 47.5% 437 201 117.1% 47.2%
 55-59 696 516 34.8% 915 554 65.1% 22.5%
 60-64 1,290 1,012 27.5% 1,436 840 70.9% 34.0%
 65-69 1,618 1,344 20.4% 2,009 1,296 55.0% 28.8%
 70-74 1,340 1,203 11.4% 2,279 1,309 74.1% 56.2%
 75-79 877 892 -1.7% 1,650 1,185 39.2% 41.6%
 80-84 355 408 -12.9% 788 741 6.3% 22.1%
 85-89 90 123 -26.8% 249 258 -3.4% 31.9%

 90+ 22 18 22.3% 73 69 6.5% -12.9%
3. Colon/Rectal Cancer

0-44 12 3 300.4% 5 0.2 2438.9% 534.1%
 45-49 19 15 26.8% 26 20 30.6% 3.0%
 50-54 40 15 166.9% 51 10 388.0% 82.8%
 55-59 83 57 45.8% 134 57 136.1% 62.0%
 60-64 156 109 43.3% 193 95 104.1% 42.4%
 65-69 223 190 17.5% 309 188 64.6% 40.1%
 70-74 196 151 29.9% 351 165 112.2% 63.3%
 75-79 143 108 32.5% 312 145 115.8% 62.8%
 80-84 53 66 -19.6% 154 120 28.2% 59.5%
 85-89 15 13 15.5% 44 33 33.6% 15.6%

 90+ 3 1 200.3% 21 4 370.1% 56.5%
4. Other Cancer

0-44 18 6 201.7% 7 2 297.9% 31.9%
 45-49 26 15 74.3% 20 20 1.3% -41.9%
 50-54 47 25 89.1% 53 21 152.8% 33.7%
 55-59 102 95 6.9% 102 104 -2.4% -8.7%
 60-64 172 175 -1.7% 158 142 10.9% 12.9%
 65-69 198 229 -13.5% 202 208 -2.7% 12.4%
 70-74 158 193 -18.2% 204 206 -1.2% 20.8%
 75-79 106 125 -15.5% 143 167 -14.5% 1.2%
 80-84 49 64 -23.0% 73 113 -35.1% -15.7%
 85-89 16 18 -10.6% 26 31 -15.2% -5.2%

 90+ 3 1 201.7% 5 5 -2.4% -67.7%

See footnotes at end of table. (Continued)
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Table 10.6 (Continued)

Quinquennium
1990-1994 1995-1999 1995-1999

Age Actual1 Projected Difference Actual2 Projected Difference
Adjusted 

Difference
5. Asbestosis

0-44 4,190 2,891 44.9% 4,066 850 378.3% 230.0%
 45-49 4,671 3,457 35.1% 9,777 3,340 192.7% 116.7%
 50-54 5,948 4,552 30.7% 14,084 2,948 377.8% 265.6%
 55-59 7,177 6,135 17.0% 16,214 5,316 205.0% 160.7%
 60-64 8,819 8,299 6.3% 17,711 5,787 206.0% 188.0%
 65-69 9,086 9,805 -7.3% 19,267 8,488 127.0% 144.9%
 70-74 6,540 7,292 -10.3% 17,277 6,562 163.3% 193.6%
 75-79 3,910 4,470 -12.5% 10,877 5,310 104.8% 134.1%
 80-84 1,515 1,894 -20.0% 4,881 3,024 61.4% 101.8%
 85-89 443 604 -26.7% 1,573 1,046 50.5% 105.3%

 90+ 72 83 -13.1% 402 293 37.4% 58.1%
6. Pleural Plaques/Thickening

0-44 1,006 616 63.3% 591 207 186.2% 75.2%
 45-49 1,216 945 28.6% 1,465 1,118 31.1% 1.9%
 50-54 1,648 1,366 20.6% 2,825 945 198.9% 147.8%
 55-59 2,070 1,879 10.1% 3,676 1,648 123.1% 102.5%
 60-64 2,539 2,496 1.7% 4,073 1,832 122.4% 118.6%
 65-69 2,590 2,657 -2.5% 4,342 2,343 85.3% 90.1%
 70-74 1,709 1,880 -9.1% 4,250 1,697 150.5% 175.6%
 75-79 871 1,035 -15.9% 2,645 1,231 114.8% 155.3%
 80-84 291 376 -22.7% 1,187 601 97.6% 155.6%
 85-89 86 111 -22.4% 340 212 60.7% 107.0%

 90+ 16 13 23.3% 86 47 83.3% 48.6%
7. Nonasbestos-Related Disease

0-44 184 507 -63.7% 2 148 -98.6% -96.3%
 45-49 95 517 -81.6% 2 632 -99.7% -98.3%
 50-54 178 730 -75.6% 6 531 -98.9% -95.4%
 55-59 218 931 -76.6% 3 817 -99.6% -98.4%
 60-64 317 1,527 -79.2% 14 999 -98.6% -93.3%
 65-69 330 2,070 -84.1% 5 1,857 -99.7% -98.3%
 70-74 239 1,472 -83.8% 12 1,265 -99.1% -94.2%
 75-79 138 834 -83.5% 10 1,002 -99.0% -94.0%
 80-84 67 423 -84.2% 8 620 -98.7% -91.8%
 85-89 14 115 -87.7% 0 167 -100.0% -100.0%

 90+ 3 28 -89.2% 0 79 -100.0% -100.0%
8. Unknown

0-44 694 326 113.0% 0 92 -100.0% -100.0%
 45-49 461 250 84.5% 0 168 -100.0% -100.0%
 50-54 765 237 222.8% 0 234 -100.0% -100.0%
 55-59 1,040 306 239.7% 0 362 -100.0% -100.0%
 60-64 1,260 448 181.3% 1 302 -99.7% -99.9%
 65-69 1,046 461 126.9% 1 483 -99.8% -99.9%
 70-74 567 479 18.3% 3 439 -99.3% -99.4%
 75-79 388 336 15.6% 0 471 -100.0% -100.0%
 80-84 202 218 -7.5% 0 294 -100.0% -100.0%
 85-89 47 23 106.5% 0 39 -100.0% -100.0%

 90+ 11 6 75.9% 0 31 -100.0% -100.0%

See footnotes at end of table. (Continued)
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Table 10.6 (Continued)

Quinquennium
1990-1994 1995-1999 1995-1999

Age Actual1 Projected Difference Actual2 Projected Difference
Adjusted 

Difference
Total

0-44 6,266 4,441 41.1% 4,798 1,344 257.0% 153.0%
 45-49 6,792 5,422 25.3% 11,587 5,578 107.7% 65.8%
 50-54 9,267 7,386 25.5% 17,740 5,049 251.3% 180.0%
 55-59 11,786 10,251 15.0% 21,613 9,182 135.4% 104.7%
 60-64 15,206 14,622 4.0% 24,335 10,454 132.8% 123.8%
 65-69 15,946 17,521 -9.0% 27,153 15,571 74.4% 91.6%
 70-74 11,619 13,471 -13.7% 25,684 12,570 104.3% 136.9%
 75-79 7,042 8,428 -16.4% 16,801 10,390 61.7% 93.5%
 80-84 2,809 3,760 -25.3% 7,702 6,105 26.2% 68.9%
 85-89 808 1,132 -28.6% 2,441 2,016 21.1% 69.6%

 90+ 143 172 -16.9% 636 587 8.4% 30.5%

Note 1:  Includes pro rata allocation of 513 (of 87,683) claims with unknown age.
Note 2:  Includes pro rata allocation of 5 (of 160,490) claims with unknown age.

Source:  Authors' projections and tabulations of Manville Trust data.

the primary changes from 1990-1994 to 1995-1999 were increases in (1) the

propensity to sue for those men developing mesothelioma who were exposed

to Manville asbestos, (2) the pool of men who could document exposure to

Manville asbestos, or (3) some combination of these two factors.

Evidence for an increase in the pool of men who could document expo-

sure to Manville asbestos was provided by Carroll et al. (2002, p. 41) who

reported that the typical claimant in the 1980s named about 20 defendants

but that this number had increased to 60-70 defendants by the mid-1990s.

Such increases would require later claimants to identify exposures to specific

asbestos products of an increasing number of defendants. From the point of

view of any given defendant, it could then appear that the pool of potential

claimants was increasing.

Evidence for an increase in the propensity to sue for men developing

mesothelioma who were exposed to Manville asbestos, beyond the amount

attributable to the increased pool size, is less compelling. Two factors that

could have been significant were the increased publicity given to asbestos-

related disease lawsuits during the 1990s and the improved ability of plaintiff

lawyers to identify cases that could be litigated successfully.

Regardless of which specific combination of the two factors actually oc-

curred, the net result was an increasing propensity to sue among men with

mesothelioma.

The corresponding results for lung cancer are displayed in Table 10.8 and

Figure 10.6 (using the standard SEER classification of lung and bronchus as a

single-disease category). The total number of deaths decreased from 500,869
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in 1990-1994 to 488,058 in 1995-1999 (−2.6%), which contrasts with a 45.4%
increase in actual lung cancer claims (Table 10.4). The ratio of Manville Trust

claims to SEER diagnoses increased from 1.4% to 2.1%. These propensities to

sue were low in comparison with mesothelioma due to the major causal role

of tobacco in lung cancer.

The 2.6% decrease in SEER lung cancer diagnoses was in the opposite di-

rection from the projected 12.2% increase in lung cancer claims in Table 10.4.

As for mesothelioma, the lung cancer projection assumed a stable biological

process underlying the filing of the lung cancer claims. Had the propensities

to sue remained at their 1990-1994 levels, our baseline projection would have

been 12-14% too high.

One concern is how well the SEER sample represents the United States

as a whole. Following the ninth revision of the International Classification of

Diseases (ICD) in the 1999 data year, we obtained tabulations of mesothe-

lioma deaths from the national vital statistics microdata files. Table 10.9 com-

pares the 1999 underlying-cause-of-death mortality counts for mesothelioma

among males by age with the corresponding SEER diagnosis counts (using 3-

year averages for 1997-1999 for stability). Overall, the mortality counts were

16.1% lower, suggesting that the SEER data may overestimate the national

incidence of mesothelioma by an equivalent amount. However, tabulations of

multiple-cause-of-death data indicate that an additional 6.1% of deaths had

mesothelioma coded on the death certificate as a contributory cause, reducing

the excess of reported SEER diagnoses of mesothelioma over reported deaths

to about 11% (NCHS, 2002, p. 66). This value could be reduced up to 2% more

if part of the difference in mesothelioma mortality counts between 1999 and

2000 were an artifact of the transition in 1999 in the processing of mesothe-

lioma on the death certificate. The very poor survival for mesothelioma cases

suggests that most of the remaining 9% discrepancy reflected a real difference

between SEER and the nation as a whole. Nonetheless, the correlation of the

counts from age 35 to 94 was 0.990, indicating that the age pattern in the

SEER data was consistent with that in the national vital statistics data.

For lung cancer (using the 1999 SEER data), the overall mortality counts

were 5.9% lower and the correlation of the two sets of counts from age 35

to 94 was 0.996, indicating that the SEER data for lung cancer were more

representative of the national data.

In summary, the SEER data provide a reasonable basis to conclude that

changes in claim filing rates for mesothelioma and lung cancer between 1990-

1994 and 1995-1999 were primarily due to increases in the propensity to sue,

and not to unanticipated increases in the occurrence rates for these cancers.

The NCHS mortality data allow comparable tabulations of deaths due to

asbestosis (Table 10.10 and Figure 10.7) among males in 1990-1999. The total

number of deaths increased from 1433 in 1990-1994 to 1950 in 1995-1999

(36.1%), an increase far smaller than the 121.7% increase in asbestosis claims

(Table 10.4). The increases in asbestosis deaths occurred broadly from ages

65 to 94. The largest difference from mesothelioma and lung cancer was that
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Table 10.9:  Estimates of Mesothelioma and Lung/Bronchus Cancer Incidence Counts from 
SEER 1997-1999 and Mortality Counts 1999 from NCHS, U.S. Males

Mesothelioma Lung and Bronchus Cancer
1997-1999
Average for 1999 Ratio: 1999 1999 Ratio:

SEER NCHS Deaths to SEER NCHS Deaths to
Age Diagnoses Deaths Diagnoses Diagnoses Deaths Diagnoses
0-4 0 0 —  0 0 —  
5-9 0 0 —  0 2 —  

10-14 0 0 —  0 2 —  
15-19 4 0 0.000 0 5 —  
20-24 0 0 —  10 8 0.768
25-29 3 0 0.000 51 24 0.470
30-34 14 3 0.220 133 73 0.549
35-39 10 10 0.984 450 323 0.718
40-44 17 10 0.600 1,401 1,150 0.821
45-49 40 35 0.869 2,917 2,344 0.803
50-54 83 66 0.796 5,205 4,503 0.865
55-59 168 122 0.726 8,515 7,460 0.876
60-64 227 168 0.740 11,676 10,543 0.903
65-69 315 267 0.847 15,163 14,173 0.935
70-74 469 374 0.797 18,611 17,094 0.918
75-79 403 389 0.965 15,509 15,453 0.996
80-84 305 285 0.934 9,907 9,930 1.002
85-89 152 122 0.804 4,141 4,736 1.144
90-94 28 27 0.957 1,162 1,314 1.131

95+ 4 3 0.852 190 262 1.378
Total 2,242 1,881 0.839 95,041 89,399 0.941

Source:  Authors' tabulations of SEER Public Use Data (1973-1999); and NCHS Public Use 
Mortality Files (1999; ICD-9 Codes C45 [Mesothelioma] and C34 [Lung and Bronchus]).

the number of asbestosis claims far exceeded the number of deaths. The ratio

of Manville Trust claims to NCHS deaths increased from 36.5 in 1990-1994

to 59.6 in 1995-1999. These ratios could not be interpreted as propensities to

sue. Instead, the ratios were inverted to show that deaths as fraction of claims

declined from 2.7% to 1.7% between 1990-1994 and 1995-1999.

This decline was consistent with a reduction in the average severity of

the disease at the time a claim was made, which could have resulted from

an expansion of the pool of men who could document exposure to Manville

asbestos as well as from an increased propensity to sue within that pool. The

fact that the relative increase in numbers of claims for asbestosis was so much

larger than for mesothelioma and lung cancer suggested that a reduction in

average severity may have been an important component; that is, the diagnosis

of either mesothelioma or lung cancer marks a relatively stable point in the

disease process, improvements in diagnostic tests notwithstanding. On the

other hand, the diagnosis of asbestosis or pleural plaques could have been

made in men with a documented history of exposure to asbestos, with minimal

or no manifest symptoms.
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Carroll et al. (2002, p. 47) cited a 2001 Manville Trust report that increas-

ing numbers of claims were from workers exposed to asbestos in “nontradi-

tional” industries, consistent with an expansion of the pool of men who could

document exposure to Manville asbestos.

To better understand this process, we tabulated qualified male claims us-

ing the 21 industry categories currently employed by the Trust, ranked the

industries according to their relative rates of increase in total claims from

1990-1994 to 1995-1999, and linked them to the closest R3 occupation code

used in Chapter 8 (Table 10.11). Whereas the baseline hybrid model projected

an overall decrease of 17.0%, with occupation specific changes ranging from

a 17.9% decrease for insulation workers to a 4.9% increase for the military

(Table 8.19), these tabulations showed that:

• Claims for the six highest ranked industries increased from 1352 to 14,052,

a factor of 10.4.

• Claims for the seventh and eighth ranked industries increased from 14,676

to 49,436, a factor of 3.37.

• Claims for the next six industries increased from 26,879 to 56,621, a factor

of 2.11.

• Claims for the bottom six industries, excluding unknowns, increased from

33,039 to 40,021, an increase of 21.1%.

Seven of the eight highest ranked industries were classified as primary or

secondary manufacturers in the baseline hybrid model. The top six industries

were also the top six when ranked according to their relative rates of increase

in cancer claims, consistent with reports that these industries generally had

the highest historical levels of asbestos exposure.

The substantial variation in the relative increases for cancer suggests that

the increases were industry-specific. The increases may have resulted from

an enhanced ability of claimants in specific industries to identify Manville

products as the source of their asbestos exposures. If true, this would support

the hypothesis that the main reason for the increase in the propensity to sue

was that the pool of potential claimants expanded. Conversely, without such

an expansion, it would be difficult to understand why the propensity to sue

for workers in the six highest ranked industries was so low in 1990-1994, given

the increases of 156-750% in 1995-1999.

The last column in Table 10.11 shows the excess differences for noncancer

claims, after the cancer increases have been removed. For example, the 31%

overall excess difference was obtained from the two observed differences (45%

and 90%) as: 31% = (190/145−1)×100%. The noncancer excess was positive
for 15 of the 21 industries. To the extent that the removal of the cancer increase

controls for the expansion of the pool size, high values of the noncancer excess

differences identify industries with high rates of unimpaired claims.

Carroll et al. (2002, p. 20) cited a 1999 Manville Trust report that ap-

proximately 50% of audited diagnostic X-rays for asbestosis claimants failed

to provide evidence of asbestosis on independent review, a figure that was
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broadly consistent with the relatively greater increases in asbestosis claims

compared with mesothelioma and lung cancer. Possible reasons for this audit

failure were discussed in Egilman (2002), but the result was clear: A substan-

tial fraction of claims filed in 1995-1999, and beyond, were for men who were

functionally unimpaired.

A major part of the motivation for the 2002 TDP was to adjust the disease

classification procedures and payment schedule to account for these changes

in the mix of claims in a way that maintained the principles of fairness and

equity in the 1994 settlement (Weinstein, 2002, p. 41).

10.6 Conclusions

The development of reliable forecasts is an iterative process. In this volume,

we reviewed the evidentiary basis of models used by the Rule 706 Panel in

generating forecasts of future numbers, types, and timings of claims against

the Manville Trust. The review covered the primary epidemiological studies

that formed the scientific basis for the assumptions of the mathematical mod-

els developed in Chapters 6 and 8. The review also covered prior forecasting

work by Selikoff (1981), Walker (1982), and others and included detailed as-

sessments and critiques of the assumptions employed therein. In each case,

the review yielded insights that resulted in modifications in the next cycle of

model development. The Panel’s first model, presented in Chapter 6, intro-

duced a range of improvements to the structure of the model employed by

Walker (1982), and the Panel’s second model, presented in Chapter 8, intro-

duced additional improvements to form a hybrid of Selikoff (1981), Walker

(1982), and the Panel’s first model.

The Panel preferred the hybrid model because it incorporated all of the as-

sumptions that the Panel and the various reviewers believed to be important.

Results of the sensitivity analyses in Chapter 9 were available to the Panel

to support their assessment of that model and the recommendations concern-

ing the need to consider the substantial levels of uncertainty surrounding the

outcomes of that model.

In this chapter, we critically evaluated the performance of the model by

comparing the forecasts for 1990-1994 and 1995-1999 with the actual numbers

of claims filed by disease and age group. After adjusting for disease classifica-

tion changes between the original and updated claim data, we found that the

model substantially underpredicted the number of claims in the latter period.

The underprediction could be explained by a two-component process involv-

ing an increased propensity to sue of up to 28% for cancer, depending on the

change in the size of the pool of men with documented exposure to Manville

asbestos, with an additional 88% increase in noncancer claims that appeared

to be for men with substantially lower disease severity than in the calibration

data files. Neither of these findings was anticipated at the time the model was
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developed. Now, however, it is clear that new applications of the model should

allow further changes in the parameters of these two components.

With these adjustments, several types of additional applications could be

considered. First, the model could be used to forecast disease types, timings,

and costs for future claims against the Manville Trust, based on the experience

generated under the 2002 TDP. With substantially more data available for

model calibration, the model could be extended to include female claims.

Second, with more than 66 companies in bankruptcy, the model could be used

to forecast disease types, timings, and costs for bankruptcy trusts created by

each company (under Section 524(g) of the U.S. Bankruptcy Code) to set

pro rata payout rates meeting established fairness and equity criteria. Third,

the model could be used in economic and actuarial evaluations of potential

liabilities for future claims against solvent defendants, to ensure that adequate

financial reserves are in place to pay the claims when they are filed. Fourth, the

model could be used to develop cost estimates associated with comprehensive

federal legislative proposals designed to provide fair, equitable, and adequate

compensation to persons with asbestos-related injuries.

In each case, the claim filing experience should be continuously monitored

and compared with initial and updated forecasts to ensure continued applica-

bility of both the structure of the model and its numerical parameter values.
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