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Evolution of medical knowledge (“State of the Art”)
in
= Asbestos related diseases

Dear Mr. Taylor,

- Inresponse to your request for a general statement about my opinions regarding the “State
of the Art” in asbestos medicine, please accept this document and the attached table of
medical journal articles dating back to 1898.

Physicians and attorneys use the term “State of the Art” (SOA) differently. When physicians
- speak of SOA they mean what is currently known about a topic of scientific importance.
SOA articles published in the medical literature typically include an introductory review of
previous beliefs and old understanding about a topic based on previously published work,
but emphasize what is currently known and propose topics for further research. Medical
joumnals typically identify such articles as “State of the Art". For example, in May 1998 the
- American Journal of Respiratory and Critical Care Medicine, the official organ of the
American Thoracic Society, published under the heading “State of the Art" a review of what
is currently known about the pathogenesis of asbestosis and silicosis.! When attorneys
speak of “State of the Art” in medicine they refer to historical reviews or a historical
description of the evolution of knowledge regarding a certain topic. Such historical articles
~ are also published in the medical literature. In July 2000 the American Journal of
Respiratory and Critical Care Medicine published under the heading “How it really happened”
an article about the evolution of knowledge regarding smoking and lung cancer written by
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Sir Richard Doll? who, in 1950, published one of the first epidemiological articles on the
subject.® Thus, when attorneys use the term State of the Art they are referring to something
that doctors call evolution of knowledge or medical history. Both State of the Art (the
medical item) and history of medicine articles are routinely published in the medical literature
as witnessed by the regular appearance of such articles in the peer reviewed literature as
in the example of the “State of the Art” and “How it really happened” sections of the
American Joumnal of Respiratory and Critical Care Medicine which is a journal addressed to
both pulmonary research scientists and pulmonary clinicians. Reading and studying such
articles is the duty of pulmonary clinicians and is a normal part of clinical practice. Few if
any pulmonary research scientists or pulmonary clinicians characterize themselves as
“medical historians”, although some clinicians such as myself devote large amounts of time
and study to such topics. | have studied the evolution of knowledge regarding asbestos
related diseases for the past 20 years.

Based on my careful study of the old medical literature, | have selected certain dates of
knowledge, i.e. that certain medical facts or ideas were clearly stated and were widely
believed by experts in the field. These dates are summarized as follows:

1. The existence of the disease asbestosis in heavily exposed asbestos textile
workers: suggested by case reports published early in the 20" century?®, but first
reported in an epidemiological report by Merewether in 1930.5

2. The concept that the risk of asbestosis is dose related and that only heavily
exposed workers would develop asbestosis was first stated in 1938 by Dreesen®

who also proposed a “threshold limit value™

From a practical standpoint, one of the most important results of a medical
and engineering study such as this is the definition of safe working
conditions in the industry under study. Ideally, a threshold concentration of
dust should be the highest dust concentration that would not produce
pneumoconiosisin originally healthy workman during their entire warking life.

Because clean-cut cases of ashestosis were found only in dust
concentrations exceeding 5 million particles per cubic foot and because they
were not found at lower dust concentrations, 5§ million particles per cubic foot
may be regarded tentatively as the threshold value for asbestos-dust
exposure until better data are available,
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Confirmation that the TLV proposed in 1938 by Dreesen was protective was
tested in the frequently cited 1946 study of World War 1l naval shipyard workers

published by Fleischer” and usually referred to as the Fleischer-Drinker report. The
authors concluded that the Dreesen TLV was highly protective. It was not until the
mid 1960's that their conclusions were found to be incorrect (because long latency
was not properly considered).

Indication_that the Dreesen TLV was not sufficiently protective and that
asbestosis could occur in workers such as hands-on asbestos insulators was
made by Selikoff in 1964 and 1965°. Prior to Selikoff's work, asbestos insulators
were believed to have relatively light, intermittent asbestos exposure compared to
asbestos textile workers. Selikoff did not suggest that heavy industry workers such
as steel plant workers were at risk for the development of asbestosis.

The concept that lung cancer risk is increased in patients who have
asbestosis, not in all asbestos exposed individuals, i.e. that it is asbestosis and not
asbestos exposure that increases lung cancer risk: first suggested in 1947 in another
epidemiological work by Merewether® and clearly expressed ina 1949 editorial in the
Joumnal of the American Medical Association. ® Despite early support for this concept
by Sir Richard Doll'* this idea was re-discovered after the 1987 publication by Kipen
et al {including Selikoff).*?

The existence of the disease mesothelioma, that is, not a form of bronchogenic
carcinoma: in a clinical-pathological conference (CPC) published in 1947 in the New
England Joumal of Medicine.'® The authors specifically stated {incorrectly): “ believe
that asbestosis was not a factor in the illness and that, if present, it was of
secondary importance.”

The fact that crocidolite (South African) asbestos exposure caused diffuse
malignant mesothelioma: Wagner 1960.'

Demonstration that amosite, another kind of South African amphibole asbestos
can cause mesothelioma: Selikoff 1972.%°
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10.

Chrysotile asbestos does not cause mesothelioma: McDonald 1982 and 1984,"7
eventually proven in 1997 by Liddell, McDonald and McDonald'® with further
confirmation also published in 1997 by McDonald and McDonald'® and McDonald and
Case et al.*®

Suggestion that steel plant workers may have risk of asbestos-related
conditions: In 1991 Kronenberg et al*! suggested that in 1983 “workers who did not
directly use asbestos had been found to be at risk” for the development of asbestos-
related diseases in a special publication of the New York Academy of Sciences that
predicted a “third wave” of asbestos disease. Such a “third wave” of asbestos
disease has not materialized. The 1991 Kronenberg report described a study of 898
steel plant workers in Tyler, Texas. The authors stated that the purpose of their
study was to present “preliminary observations onthe prevalence of asbestos-related
disease in workers at two industrial sites not generally associated with asbestos
exposure - a glass bottle-manufacturing plant and a steel mill.” In fact, Kronenberg
failed to demonstrate a risk of asbestos disease in the steel workers. A much more
extensive series of papers published by Lloyd of the National institute of
Environmental Health Sciences, and others from 1969?22 to 1978 did not identify
asbestos-related disease in 59,072 steel workers.

A detailed review of the history of mesothelioma and the relationship between asbestosis
and lung cancer follows. Also, attached to this statement please find a bibliography of
important articles published in the medical literature. The bibliography appears in tabular

form.

| have selected important quotations which reflect the concepts proposed and/or

proven by the authors.

Allrn f m'm.go&’l, 7. D,

Signed electronically by:
I.A. Feingold, M.D., F.R.C.P.(C), FCCP
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Definition of asbestos fibers

Asbestos is a general term for a family of fibrous magnesium and calcium silicate minerals.
There are two main kinds of asbestos: serpentine, consisting of only one type, that is,
chrysotile asbestos, and the amphibole group which includes the commercially mined
crocidolite and amosite and several non-commercial fibrous minerals, notably tremolite. The
different kinds of asbestos are summarized below:

Asbestos

l Amphibole
; Crocidolite || Amosite |pNon-commercial

E‘_miamj' E’.Acﬁr;oma = Rnthophyliite

Chrysotile asbhestos has a distinctly different microscopic appearance and chemical
composition than the amphibole forms of asbestos, as demonstrated below:

Asbestos

General term for 6 different fibrous silicate minerats.
Strong, durable, fire and acid resistant.

Chrysotile Amosite Crocidolite
Mg3SROS(CH), (FeMLSE0L4(OH], NaFe,~Fe;~S,0,{OH),
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More than 80% of the asbestos that was used in insulation products manufactured in the
United States was chrysotile asbestos mined inthe Eastern Townships region, northeast of
Montreal, Quebec; however, the amphibole forms of asbestos, i.e. amosite and crocidolite,
were imported (mostly from South Africa) into the United States for use in special
applications. Amosite was specified by the United States Navy as the type of asbestos to
be used in the construction of World War I{ era warships. Amosite was heavily used in the
Brooklyn Navy Shipyard and many other yards that produced naval vessels. Amosite was
also used in the manufacture of asbestos cement products and in certain kinds of pipe
covering insulation such as Kaylo (Owens-Coming). Although most of the asbestos used
in construction was chrysotile, amosite had certain applications in construction insulation;
specifically, inthe construction of large commercial buildings during the 1950's to the 1970's
amosite asbestos was, in some cases, the kind of asbestos used to spray the underside of
steel decks that create the floors of “skyscrapers”. An amosite product that was used in
such spray-on applications was Limpet (T&N). Some construction products such as transite
boards contained amosite.

Relatively little crocidolite was used inthe United States and Canada. Crocidolite was used
in the manufacture of World War |l era military gas masks. Some construction products
manufactured by Johns Manville contained crocidolite.

In contrast to the specialized use of amphiboles, chrysotile was used in the manufacture of
a large variety of products, including many kinds of construction materials and insulation.
Some kinds of products always, or almost always, contained chrysotile only, with no use of
amphiboles. Almost all friction products (brakes and clutch linings) contained chrysotile only
(there was very limited manufacture of crocidolite-containing brakes). Asbestos-insulated
wire and cable could not contain amphiboles as the latter contained iron; therefore, only
chrysotile was used. The type of asbestos used in the past in the manufacture of specific
products can usually be determined by reference to engineering or marketing specifications.

Since 1965 asbestos fibers have been defined as structures at ieast 5 ® m in length with
aspect ratios (lengthto width) of 3:1 or greater. OSHA and other regulatory agencies state
permissible asbestos exposures in terms of fibers equal to or greater than 5 ® min length.
In a 1991 review and consensus report?®, the Health Effects Institute-Asbestos Research
(HEI-AR) stated:
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. .. for calculations of risk from exposure to airborne asbestos, the Panel has
focused on fibers longer than 5 ®* m. The Panel's decision was based on two
major factors. The exposure-response relationships observed in
epidemiologic studies are the basis for risk estimation of asbestos; the
exposure data in such studies have been expressed in terms of fibers longer
than 6 ®. In addition, toxicity data suggest that shorter fibers are less toxic
than longer fibers.

Short asbestos fibers (<5 ® m) are generally considered non-fibrogenic; indeed, Browne?*
described "almost unassailable evidence that the specific pathogenicity of asbestos fibers
only exists at lengths greater than 5 ® m (probably greater than 8 * m)."

Recognition of mesothelioma

Malignant pleural and peritoneal mesothelioma was first described without an asbestos
association in the 1940's. Considerable controversy was seen in the medical literature as
many pathologists did not accept that mesothelioma was a distinct entity. The report of the
weekly clinical-pathological exercise at the Massachusetts General Hospital published inthe
New England Joumnal of Medicine in 1947 described the case of a malignant pleural tumor
in a 37 year old Swedish asbestos worker. in that report, Dr. Benjamin Castleman stated:

A number of papers have been written to the effect that there is no such
tumor as mesothelioma of the pleura, that the cells lining the pleura do not
form tumors and that these tumors really arise from a small focus in the lung.
We have held a similar opinion for a long time. This is perhaps the first case
in which we believed that there was actually such a tumor.” [Emphasis
added]

Commenting on the differential diagnosis in the CPC, Dr. Donald S. King stated:

One should comment first on the occupation. This man worked with asbestos,
cutting insulating board. Exposure to asbestos causes lung changes but
never, in my experience, to the extent that was present in this case. / believe
that asbestosis was not a factor in the iliness and that, if present, it was of
secondary importance.” [Emphasis added]
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It should be noted that the above described CPC, often referred to as the Mallory report (in
fact, Mallory was a NEJM editor) is often misrepresented as an early identification of the
relationship between asbestos exposure and mesothelioma. As can be determined from the
actual text of the CPC (above) the report was an early acceptance of the pathological entity
of mesothelioma in a prestigious English language journal, but that report actually refuted
a possible relationship between asbestos exposure and mesothelioma.

More than 10 years after the NEJM CPC, McCaughey®® published an early pathological
characterization of malignant mesothelioma but did not suggest any relationship to asbestos
exposure. Itwas not until 1960 that Wagner, Sleggs and Marchant?’ reported the surprising
finding of 33 cases of diffuse pleural mescthelioma, all but one of which had a history of
exposure to crocidolite asbestos.

Asbestos fiber type and mesothelioma

Wagner’s paper was the first report of a significant relationship between asbestos exposure
and mesothelioma and in fact, Wagner suggested that it was only “Cape Western Blue” or
crocidolite asbestos that was the cause of mesothelioma. In 1986 in the journal Cancer,
Wagner?® recalled how it was that in the late 1950's {prior to his 1960 publication) he came
to the conclusion that crocidolite asbestos caused mesothelioma:

We were puzzied as to why we were seeing so many of these tumors. [ then
recalled that we had seen asbestos bodies in the first case and that 90 miles
west of Kimberley were the large mines which had been developed along the
so-ealled blue asbestos mountains, a range of hills stretching for more than
400 miles from the Orange River in the south to the Botswana border in the
north. We then meticulously examined every scrap of lung tissue that had
accompanied the biopsy specimens, and in three more cases we found
occasional asbestos bodies. | therefore suggested that we should consider
an association between the blue (crocidolite) asbestos mines and
development of the mesotheliomas...

From further cases referred by Dr. Sleggs, [Dr. Wagner’s co-author on the
1960 paper] we obtained histories showing that few of the patients had been
employed by industry working as insulators with blue asbestos on steam
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locomotives. The majority, however, had only lived in the vicinity of the
asbestos mills, some for very short periods, and, on average, their tumors
developed 44 years after exposure.

The next question was, were the tumors confined to exposure to blue
asbestos or were other types of fiber involved?... Through the South African
Pneumoconiosis Bureau, we were able to examine the lungs of the majority
of asbestos miners who died, revealing that mesotheliomas of pleura, and
- occasionally of peritoneum, were only observed in the workers from the Cape
asbestos mines and those living in the vicinity. In recent years, a few cases
have been reported from the amosite mining areas, but detailed analysis is
required to see if these men had worked on the associated crocidolite
deposit. No cases have been recorded among chrysotile miners or from the
- mines of the neighboring counties of Swaziland and Zimbabwe...

A further question arose as to whether a similar situation existed with the
manufacturers of asbestos products. In 1962, we began to investigate the
problem in the United Kingdom.... By going through hospital records and

- material in the pathology departments, we discovered more than 100 cases
during the next 2 years, and in association with various colleagues (Dr. Muriel
Newhouse deserves special mention), we were able to establish the
association with exposure to asbestos dust. In Britain, however, as we found
later in other industrial countries, the actual fiber implicated was much more

- difficult to assess, as the majority of workers had been exposed to most
varifaties of asbestos dust.

In 1965 Selikoff*® was the first to identify mesothelioma cases in the United States and
observed:

This remarkable concentration of cases in one area of South Africa was
explained by the hypothesis that mesothelioma was the resuit of exposure to
one special type of asbestos (crocidolite) .... [buf] ... mesothelioma may not
necessarily be a problem of only one kind of asbestos (crocidolite)....”

Also in 1865 Sluis-Cremer®® reported on a methodical search for mesothelioma cases
outside of the South African North West Cape Province crocidolite mining area and
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concluded that there were no cases from the amosite mines of the Transvaal Province. It
was not until 1872, in a study of New Jersey amosite asbestos cement workers, that
Selikoff, Hammond and Churg®' demonstrated that amosite was a cause of mesothelioma.
fn 1980 Selikoff, Seidman and Hammond* reported on a further study of amosite factory
workers. Selikoff et al noted that:

In 1941, with the encouragement of the U.S. Navy, a factory was established
in Paterson, New Jersey, to manufacture asbestos products for the armed
forces for industrial uses. We have ascertained that amosite asbestos was
used almost exclusively (with very small amounts of chrysotile asbestos also
being used).

Amosite was specified by the U.S. and other navies for the construction of World War Il era
war ships. Steampipes, boilers and bulkheads were insulated with amosite asbestos.
Sheers and Coles (HM Naval Base, Devonport, England)* noted “Two major developments
since 1944: :

(1) the very extensive use of crocidolite for environmental insulation and fire
protection from 1944 to 1963, and (2) the large increase in the amount of
amosite used for machinery insulation between 1950 and 1963.

An earlier report by Harries®* described the same kind of amosite use in British shipyards.

Another World War [l application of asbestos was in the production of gas masks, both for
military personnel and civilian populations. In 1982 Acheson et al*® provided details about
the production of gas masks in Great Britain:

It was knownthat the standard respirators issued to the armed Forces of the
British Commonwealth before and during the second world war contained
filters consisting of activated charcoal, merino wool, and West Australian
crocidolite...

InBritainrespirators were also manufactured to protect the civilian population.
A contract was placed with a factory in Blackburn, Lancashire, in1936 to
manufacture more than 70 million civilian gas masks and work continued in this
factory until the end of the war. From contempory data (Ministry of Supply,
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Home Office, and War Office papers 1927-45) and analysis of the contents
of surviving masks, civilian gas masks are knownto have contained chrysotile,
charcoal, and merino wool but not crocidolite. At Leyland, Lancashire, the
same firm operated a factory that from 1927 held a monopoly for the
manufacture of gas masks for the armed Forces. At an unknown date inthe
1930s these respirators were modified to contain crocidolite, and gas masks
of the improved type continued to be manufactured there throughout the war
and thereafter. Industrial gas masks conlaining crocidolite were made there
until 1969. From the testimony of workers it is known that some civilian gas
masks containing chrysctile were also made during the war at the Leyland
factory...

Acheson et al studied the mortality pattern during the period 1951-80 of the two groups of
female gas mask assemblers, including the 578 women who worked with chrysotile in the
Blackburn factory (the Biackburn group).and 757 women who worked with crocidolite (and
some chrysotile) in factories in Leyland and Preston (the Leyland group). Significant
differences in the mortality pattern between the two groups of women were identified.
Mesothelioma was the cause of death or contributed to the death of 5 of the Leyland group.
Mesothelioma was identified in only 1 of the Blackburn (chrysotile-exposed) women but that
woman was believed to have worked at a smaller Blackburn plant that did use crocidolite
in the manufacture of service gas masks. Furthermore, the Leyland group women
experienced a statistically significant increase in mortality from ovarian cancer. In
retrospect, some of the ovarian cancer cases may have been cases of peritoneal
mesothelioma.

]

Acheson et al concluded:

The probable explanation for the differences between Leyland and Blackbum
lies in the different nature of the exposures in the two factories. The most
obvious difference was that at Leyland crocidolite was the principal type of
fibre to which the women were exposed while at Blackburn chrysotile was the
only type of asbestos used.




RE:

DATE: May 11, 2001

LA, FEINGOLD, M.D., F.R.C.P.(C), FCCP

PAGE: 12

ALL ALLEGHENY COUNTY, PENNSYLVANIA USX REMNANT CASES
EVOLUTION OF KNOWLEDGE OF ASBESTOS-RELATED DISEASES

In 1983 and 1984 McDonald et al reported on a series of studies®® *” *® that demonstrated
a marked difference in mesothelioma risk associated with different asbestos fibers. This
series of papers is summarized in the table below:

McDonald AD, Fry J,
Woolley, McDonald JC: Dust
exposure and mortality in an
American chrysotile textile
plant. Brit J of Industr Med
1983;40:361-367.

*2543 men employed for at least a month from 1938 {o 1958 in a textile
plant in South Carolina in which chrysotile was the only type of asbestos
used. Of these, 863 men (34%) had died before 31 December 1977, one
from malignant mesothelioma.”

“These findings agree closely with those from another study in this plént
and confirm that mesothelioma is rarely associated with chrysotile
exposure.”

McDonald AD, Fry J,
Woolley, McDonald JC: Dust
exposure and mortality in an
American _ factory using
chrysotile, amosite, and
crocidolite in mainly textie
manufacture. Brit J of Industr
Med 1983:40:368-374.

Pennsylvania plant “...mainly chrysotile, with some amosite and a small
amount of crocidolite, were used primarily in textile manufacture.”

“4137 men comprising all those employed 1938-59 for at least a month...
By the end of 1974, 1400 (35%) had died, 74 from asbestosis and 70 from
lung cancer.” Mesothelioma identified in death certificate in 14 cases.

“The much greater risk of mesothelioma from exposure to processes in
which even quite small quantities of amphiboles were used was also
confirmed.”

McDonald AD, Fry JS,
Woolley AJ, McDonald JC:
Dust exposure and mortality in
an American chrysotile
asbestos friction products
plant Brit J of Industr Med
1984;41:151-157.

Connecticut factory manufactured friction products and packings from
chrysatile only with no use of amphibole.

“3641 men employed for one month or more, 1838-58, 3513 (96.5%) were
traced, 1267 (36%) had died, and death certificates were obtained for
1228 (96.9%)."

No mesothelioma deaths.

In 1989 Newhouse and Sullivan® described a long term follow up of men who had worked
in a factory that produced friction materials (principally brakes). The factory used chrysotile
asbestos except for certain specific contracts. All of the mesothelioma cases were
attributed to crocidolite exposure.-

In 1989 Warnock*® reported on the lung tissue fiber burdens of workers in a shipyard in the
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Solano County area of Califomia who developed mesothelioma. The median fiber burden
for all types of amphiboles was 2.7 million f/g dry lung. Warnock noted that amosite was
the most prevalent fiber type.

In 1992 Begin®! identified a total of 49 cases of mesothelioma in former Quebec chrysotile
asbestos mine and mill workers and challenged the concept that amphibole asbestos (in the
form of tremolite, a minor contaminant of Quebec chrysotile) was the cause of the few
cases of mesothelioma seen in Quebec, Begin noted:

The present study documents an increasing incidence of cases of malignant
mesothelioma in chrysotile miners and millers of the Eastern Townships of
Quebec, with49 cases in the last 23 years, and a rate of 2.5 cases per year
in the last 10 years in the primary industry. . . .

In the past, these cancer cases among Quebec chrysotile miners and millers
were considered to be likely attributable to amphibole contamination of the
worksite and/or of the mineral ore. . . Nonetheless, cases of mesothelioma in
Quebec miners have been documented where chrysotile fibers were the only
fibers in lung tissue.

Begin noted evidence for a significant difference in the tremolite contamination of chrysotile
ore mined in the two main Quebec asbestos centers, the towns of Asbestos and Thetford
Mines, but the incidence of mesothelioma was proportional to the work force and not related
to residence in one of the two areas.

Our data suggest that some of the cases of malignant mesothelioma in
Quebec chrysotile miners and millers may not be necessarily attributable to

amphibole and could be chrysotile-induced.

The response to Begin's challenge would be given some years later by McDonald et al in
a series of reports (see below). .

In 1993 Churg et al*? reported on the fiber burdens in the lungs of 94 long term chrysotile
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asbestos miners from Thetford Mines, Quebec. In the patients who had mesothelioma, the
chrysotile fiber burdens were very large, with a mean of 34 million f/g dry lung. The
tremolite burdens in the mesothelioma cases were even greater, 180 million f/g dry lung.
Churg et al concluded:

. . . in this population of heavily exposed chrysotile miners and millers, the
presence of airways fibrosis and asbestosis and, probably, mesothelioma
reflects high tremolite burden. Whether chrysotile fibers themselves play a
role in disease induction remains uncertain.

In a subsequent report, Churg and Vedal*® reported on a study of 144 shipyard workers and
insulators from Oregon, Washington State and British Columbia. Churg and Vedal stated:

Our results show clearly that, despite known historic exposure to amosite and
chrysotile, amosite is by far the predominant residual fiber, and there are
correlations between amosite measures and disease. Chrysotile was present
inconstantly and in relatively small amounts, and no correlations were found
between chrysotile measures and disease.

Churg and Vedal also commented on the issue of tremolite contamination of chrysotile:

We have proposed elsewhere that tremolite, which is a natural minor
constituent of chrysotile ore, might serve as a substitute marked for chrysotile,
and that tremolite rather than chrysotile may actually be the agent responsible
for Zchrysotile-induced” mesothelioma . . . .

Becklake** provided an in-depth editorial comment of Churg and Vedal's study. Professor
Becklake noted that:

. . . the major contribution of the two studies of Churg and associates
reviewed here is in adding further weight to the already substantial body of
evidence conceming differential disease-generating potential for different
asbestos fiber types. Although the facts of differential clearance of chrysotile
are acknowledged in both papers, we believe the authors are right to
conclude that “there are major differences in the relationship of fiber
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concentration and disease for chrysotile and tremolite compared with amosite
or crocidolite.”

A most definitive series of papers was published during 1997 in the Annals of Occupational
Hygiene, the official joumal of the British Occupational Hygiene Society. Liddell, McDonald
and McDonald*® reported on the long term follow up of approximately 10,000 Quebec
asbestos miners and millers born between 1891 and 1920 and followed until 1993, at which
point 75% had died and the youngest survivor of the cohort was 72 years old. These
Quebec asbestos workers had very high life time asbestos exposures, but almost only to
chrysotile. The exposure levels of the miners was estimated to be about 80 fibers/cc in the
1840s and lifetime exposure was typically 1000 f/cc-years. The incidence of mesothelioma
was very low - 0.4%.

McDonald and McDonald* provided further information about the cause of mesothelioma
in the chrysotile-exposed Quebec asbestos miners. The authors studied malignancies
including mesothelioma reported in miners who worked in Thetford Mines Quebec.
Chrysotile asbestos from Thetford was previously identified as having a higher tremolite
contamination than asbestos mined in Asbestos, Quebec. McDonald and McDonald
correlated the incidence of mesothelioma with work in the 5 central Thetford mines which
had a high tremolite burden vs work in the 10 peripheral mines which had a 4 fold lower
tremolite contamination. The authors concluded that:

In the peripheral mines, there was little or no evidence of increased risk for
any of the five cancers [including mesothelioma]. The hypothesis that,
because of the difference in distribution of fibrous tremolite, cancer risks inthe
central area would be greater than in the periphery was thus substantiated.

The last in the series of definitive studies on the Quebec asbestos worker cohort was
reported in 1997 by McDonald, Case, Churg, Dufresne, Gibbs, Sebastien, and McDonald*’
who provided a detailed case-by-case analysis, including lung asbestos fiber burden
analysis, of the 38 deaths from mesothelioma that were identified in the cohort of 10,000
men. Of the 38 cases, § occurred in asbestos factory workers; of these 5, fiber burden
analysis was available on 2. One of these 2 factory workers had 10.1 million fibers of
crocidolite per gram dry lung plus 1 millionfibers of amosite per gram dry lung and the other
case had 4 million fibers of crocidolite per gram dry lung. Neither crocidolite nor amosite
was ever mined in Quebec. These findings were consistent with the known use of
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crocidolite in some factory applications in Quebec (including the manufacture of Worid War
Il gas masks) and justified exclusion of the 5 factory workers from further analysis. Eight
of the remaining 33 mesothelioma cases came from Asbestos, Quebec while the other 25
cases lived and worked in Thetford Mines. All of the 8 cases from Asbestos were in millers,
while the 25 cases from Thetford were in miners. Of the 8 cases from Asbestos, 4 had
substantial quantities of crocidolite ranging from 700,000 to 14.7 millionfibers per gram dry

lung.

The mesothelioma cases from Thetford Mines were subjected to additional analysis. Most
of these cases had enormous lung burdens of tremolite, ranging from 12.6 to 2,400 million
fibers per gram dry lung. Detailed analysis of the work records of the miners in Thetford
was carried out. It was discovered that many of the miners had worked only in the central
mines (Area A) or the peripheral mines (Area B). [t was known that the asbestos ore from
the Area A mines had a greater tremolite contamination than the ore from Area B mines.
This difference in the ore, and the fact that many of the miners worked only in Area A or only
in Area B mines was used to test the hypothesis that the few case of mesothelioma seen
in Quebec asbestos miners who had not been exposed to crocidolite were actually caused
by the amphibole tremolite. The authors discovered “... that service in the central area led
to definite risks of mesothelioma.” Table 4 of the study which gave the odds ratio for
service in the central vs. the peripheral mines is partially reproduced below:

Table 4. Odds ratio (with 90% confidence limits) at the main complex in Thetford Mines

Some or all years in central area All years in peripheral area

2.50 (1.49-4.20) 0.80 (0.27-2.38)

McDonald, Case, Churg, Dufresne, Gibbs, Sebastien, and McDonald concluded:

Within Thetford Mines, there is clear evidence from case-referent analysis that
the risk arising from employment in the localized area of central mines in the
main complex (Area A) was much higher than in the peripherally located mines
(Area B), where it was minuscule. As we have no reason to suspect that
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geographical variation in the character of chrysotile per se could account for
these differences, the presence of other minerals in or near the ore body
would appear to offer the best explanation. The only candidate capable of
filling the role is fibrous tremolite, and there is considerable supporting
evidence,

The cytogenetic mechanism of asbestos induced mesothelioma

Recent studies of the molecular biology of mesothelioma have begun to shed light on the
~pathogenetic mechanism of this disease. Berube et al, including Mossman‘®, have

demonstrated that crocidolite asbestos causes “protracted, dose-dependent increases in
steady-state mMRNA levels of the proto-oncogenes c-fos and c-jun, and AP-1 DNA-binding
activity in normal rat pleural mesothelial (RPM) cells.” This and related findings have raised
important additional questions: What are the consequences of asbestos-induced induction
of proto-oncogenes and are there differences between the potency of serpentine and
amphibole asbestos which may explain the epidemiological observations in mesothelioma.

Asbestos and many other agents capable of DNA damage can induce delays in cell
reproductive cycles. Delays at various points in cell reproduction have been described,
including the G1 and G2 phases.*® Leverese et al *° and other authors have suggested that
such delays are protective in that they “permit DNA repair before the continuing of DNA
synthesis or mitosis.... Failure in repair processes could result in fixation and propagation
of genomic changes necessary for neoplastic transformation.” Leveresse et a! describe
apoptosis as another kind of protective cellular mechanism:

“Under certain circumstances, DNA damage may trigger a rapid programmed
death of the cells, apoptosis, a process that has already been described in
asbestos-exposed mesothelial cells. This cell death is a useful process for
eliminating highly damaged. cells and avoiding propagation of abnormalities.
Conversely, disregulation of the cell response to apoptotic signals may be an
important even in neoplastic transformation.”
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In 1995 Dopp et al** noted:

“It is known that asbestos and other mineral fibers induce lung cancer and
mesothelioma. However, the primary mechanisms of fiber-induced
carcinogenesis still remain to be elucidated. Previous studies, including our
own, have shown that asbestos causes specific mitotic disturbances,
micronucleus formation and typical changes in chromatin structure resembling
those of apoptosis.”

Dopp et al investigated:

“...the induction of apoptosis by asbestos (amosite, crocidolite, chrysotile) and
ceramic fibers. The typical ladder pattern of DNA fragments was identified by
means of gel electrophoresis, the intracellular calcium concentration was
measured and flow cytometry analyses were carried out to determine the
percentage of apoptotic cells. The different fibers showed different potencies
for the induction of apoptosis in Syrian hamster embryo (SHE) cells.
Depending on the type of fiber applied 3-33% of cells underwent apoptosis.
Chrysotile proved to be the most potent inducer of apoptosis compared to the
other fibers. In addition, an increase intracellular calcium level was observed
in apoptotic SHE cells.... In view of these findings we hypothesize that
chrysotile induces apoptosis resulting from long-term changes in intracellular
regulation pathways.”

In 1996 Hamilton et al*? studied the effects of “chrysotile (CHR) and crocidolite (CRO), along
witha confrol fiber, wollastonite (WOL), to characterize their relative cytotoxicity and ability
to stimulate apoptosis in vitro” on human alveolar macrophages. The authors discovered
that:

“With respect to the apoptotic potency of the two forms of asbestos, CHR
induced more apoptosis at much lower concentrations than CRO in the Cell
Death ELISA, and CHR produced a more pronounced DNA latter (and less
remaining genomic DNA) than CRO.... The differences maybe explained in
part by the fact that CHR may induce greater DNA fragmentation than CRO
in cells undergoing apoptosis. Therefore, our results would suggest that both
forms of asbestos are cytotoxic and apoptotic, but CHR is more effective and
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may be active at submicrogram quantities in inducing DNA fragmentation.

In 1997 Leveresse et al (citation 29, noted above) demonstrated that chrysotile was more
effective than crocidolite in inducing blockage of cell replication at the G0/G1 checkpoint.
Leveresse also demonstrated that apoptosis occurred at a higher rate in cells exposed to
chrysotile compared to cells exposed to crocidolite. Commenting on the work of Leveresse
and others, Broaddus®® noted, in an editorial published in the American Joumnal of
Respiratory Cell and Molecular Biology:

“In response to DNA damage, the cell can either arrest (allowing time for
repair) or initiate an active form of cell death termed apoptosis... either path,
to cell cycle arrest or to apoptosis, serves to maintain the stability and fidelity
of the genome.... For chrysotile asbestos, and to a lesser extent for
crocidolite asbestos, Leveresse and colleagues showed evidence of a cell
cycle arrest in G1/S and G2/M as well as an increase in p53 protein, all
strongly suggestive of a cellular response to DNA damage. Interestingly,
these authors find little evidence of apoptosis (0.05% of cells exposed to
crocidolite....”

In summary, studies of the molecular biology of the effect of chrysotile and crocidolite
asbestos fibers on DNA indicate that while both kinds of fiber are capable to DNA damage,
chrysotile is more effective in inducing cell cycle arrest and apoptosis. The latter two
mechanisms are protective inthat they prevent the evolution of malignant cells. Differences
in the effect of serpentine and amphibole asbestos on cell replication may provide a
biological explanation for the differences in mesothelioma induction identified in
epidemiological studies.

Conclusions from the medical literature regarding asbestos fiber type and
mesothelioma:

At this time there is strong scientific support for the following conclusions about
mesothelioma:
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1. Without an amphibole contaminant, chrysotile is very unlikely to be a cause of
malignant mesothelioma. Furthermore, commercial chrysotile products contain very
little or no tremolite. For example, muttiple industrial hygiene studies of fiber release
characteristics of asbestos gaskets™ and asbestos insulated wire and cable®® did not
identify a single tremolite fiber and a recently published lung fiber burden analysis
study by Roggli and Sanders® of heavily exposed asbestos workers demonstrated
a combined non-commercial amphibole content of <220,000 fibers per gramdry lung
compared to the average tremolite burden reported by Churg in the Quebec
asbestos workers of 180 million f/g dry lung (and the latter was associated with 0.4%
overall incidence of mesothelioma).

2. Mesothelioma cases in Quebec chrysotile asbestos miners were caused by tremolite
contamination of chrysotile ore in the central mines of Thetford Mines.

3. In terms of mesothelioma inducing potency, the different forms of asbestos should
be rated as: crocidolite ®* amosite ® tremolite ® 7chrysotile

3. In terms of frequency, amosite represents the cause of most mesothelioma
cases inthe United States. Amosite exposure was typical of World War il era
shipyard work. ~

Lung cancer: The risk of primary lung cancer (all cell types) is significantly increased in
asbestos-exposed individuals who have the non-malignant lung disease asbestosis, or an
amount of asbestos fibers in lung tissue typically associated with asbestosis.and almost all
cases of lung cancer occur in former or present cigarette smokers. Asbestos-exposed
individuals who do not have asbestosis, or an equivalent pulmonary asbestos fiber burden,
do not have an increased risk of lung cancer.

In the absence of radiological or pathological evidence of asbestosis, the claim can be
supported by an asbestos fiber lung tissue burden in the range typically associated with
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asbestosis (i.e. 2.5 million fibers per gram dry lung be scanning electron microscopy) or by
a reliable occupational history of hands-on work in a trade historically associated with
moderate to heavy asbestos exposure such as construction insulator, insulator-sprayer,
pipefitter, steamfitter, boiler-maker.

The history of knowledge regarding asbestos exposure, asbestosis and increased risk of
lung cancer and the evidence supporting the association of lung cancer with asbestosis (but
not with simple asbestos exposure), is reviewed below:

Asbestosis, not just asbestos exposure, increases the risk of lung cancer

In 1947 the British Annual Report of the Chief Inspector of Factories noted that "Thirty one
cases of carcinoma of lungs and pleura were found at autopsy of 235 cases of Asbestosis.5’
Commenting on this report, a 1949 editorial in the Journal of the American Medical
Association® observed that *. . . the available evidence shows that the occurrence of cancer
of the lung is related to pulmonary asbestosis and is not merely a possible sequella of
exposure to asbestos dust . . . ."

In 1955 Doll*® reported that of 113 menwho worked for at least 20 years with asbestos, 11
developed lung cancer compared to an expected incidence of 0.8. Dol observed:

“All the cases of lung cancer were confirmed histologically and all were
associated with the presence of asbestosis.”

The landmark 1979 study by Hammond, Selikoff and Seidman® attempted to define the
relative risks of lung cancer in a group of 17,800 asbestos insulators. Hammond et al
quoted a lung cancer incidence of 11.3/100,000/year for non-smokers and
122.6/100,000/year for smokers who had not worked with asbestos. Of the 17,800
insulators studied, 891 claimed to have been nonsmokers and 4 died of lung cancer,
resulting in a corrected incidence of 58.4/100,000/year. The rest of the group studied by
Hammond et al were considered cigarette smokers and they were found to have an
incidence of lung cancer of 601.6/100,000/year.

Unfortunately, the 1879 Hammond report did not identify the sub-cohort that had asbestosis.
Subsequent analysis of lung cancer cases derived from the original 17,800 cases published
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by Kipen et al (including Selikoff)®! revealed that all of the patients who died of lung cancer
also had pathological evidence of asbestosis.

In 1980 Liddell and McDonald®? reported a study of Quebec chrysotile asbestos miners.
Liddell and McDonald identified 118 lung cancer deaths which represented an excess of 52
deaths over predicted. Of 49 men whose last chest x-ray was rated as normal by the ILO
system, the SMR for lung cancer was not elevated at 1.08; however, of the remaining
miners whose x-rays were abnormal (and who presumably had asbestosis) the SMR for
lung cancer was 3.5. Liddell and McDonald commented:

“. . . most, but not necessarily all, cases of lung cancer attributable to
chrysotile exposure in mining and milling probably have small parenchymal
opacities before death.” ‘

in 1981 Berry®® reported on a study of asbestos workers who were certified by British
Pneumoconiosis Medical Panels as having asbestosis. Berry observed that the
standardized mortality ratio (SMR) for lung cancer increased from 9.1 for menclassified as
10% disabled to 25 for menwith a 50% disability. These findings suggest an increasing risk
of lung cancer with increasing degrees of asbestosis.

In 1989 Sluis-Cremer and Bezuidenhout® reported an autopsy study of 399 former
amphibole asbestos miners in South Africa. Thirty-five cases of lung cancer were identified
on autopsy. Of the 399 patients, 302 were found to have no pathological evidence of
asbestosis, 69 had "slight" asbestosis and 28 had moderate to severe asbestosis. In the
group of 302 without asbestosis, the authors calculated that 12.4 lung cancers were
expected {-based on smoking habits) but only 11 were observed for an SMR of .887. Of
the 69 patients with slight asbestosis, 3.6 lung cancers were expected but 15 were
observed resulting in an SMR of 4.16. Among the 28 patients who were demonstrated to
have moderate or severe asbestosis on autopsy, 1.6 lung cancers were expected but 9

were observed for an SMR of 5.63. The authors concluded:

“The SPMR for both the 35 cases proved by necropsy and the 25 cases
certified as bronchial cancer on the death certificate show no excess bronchial
cancer in the group without asbestosis whereas there is an excess in those
with asbestosis. The excess increases with the severity of the asbestosis
found at necropsy.
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In conclusion this study-suggests that asbestos caused bronchial cancer is
almost always associated with some degree of histologically demonstrable
asbestosis.”

Sluis-Cremer and Bezuidenhout also observed that:

“In the absence of asbestosis at necropsy a bronchial cancer in a man
exposed to asbestos is unlikely to be due to asbestos.”

In 1991 Hughes and Weill*® described a study of all 839 workers employed in two New
Orleans asbestos cement factories in 1969. By 1983 154 of the 839 men had died and
death certificates of 153 of these men were available. X-rays on all of the men were
interpreted by three prominent radiologists using the ILO system. The authors observed:

“Among workers with no x-ray film abnormalities in 1969, the lung cancer risk
was not raised (five mesotheliomas, however, were found). Forthe long term
workers in this group, there were six lung cancers compared with 5.8
expected. By contrast, among those with small opacities, profusion ® 1/0,
there were around seven excess malignancies, all of them due to lung cancer;
the lung cancer risk was significantly raised (9 v 2.1; p<0.001) and
significantly different from the risk in long term workers without abnormalities
(p<0.01, likelihood ratio test).”

Hughes and Weill commented that:
“The current study is the latest in an emerging body of evidence supporting

the view that asbestos is a lung carcinogen because of its ability to cause lung
fibrosis. . . .

Because detectable asbestosis is not likely to result from current occupational
and general environmental exposures, the prevention of the effect of exposure
on lung fibrosis is likely also to prevent the excess risk of lung cancer. . . .
Finally, these data may provide further evidence to support the common
practice of attributing lung cancer to exposure to asbestos only if asbestosis
is also present; otherwise, these tumors are, in most part, due to cigarette
smoking.”
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in a 1995 paper that was subsequently criticized for methodological error (see below),
Wilkinson et ai®® published in Lancet a paper titled “Is lung cancer associated with asbestos
exposure when there are no small opacities on the chest radiograph?” The authors
summarized their investigation and results as follows:

“This study was designed to test the hypothesis that the risk of lung cancer
from asbestos exposure is confined to persons with radiographic evidence of
pulmonary fibrosis. Occupational and smoking histories were obtained from
271 patients with a confirmed diagnosis of primary lung cancer and 678
referents (279 with other respiratory disease and 399 with cardiac disease).
Histories were reviewed blind to assess the timing, duration, and probability
of exposure to asbestos. To allow for a lag between asbestos exposure and
the development of lung cancer, subjects were classified by the time they had
spent in an occupation entailing definite or probable exposure more than15
years before diagnosis. The presence and extent of fibrosis was assessed
blindly fromchestradiographs by three readers and scored for small opacities
with the ILO 1989 Intemational Classification of Radiographs of the
Pneumoconioses. 93 (34.3%) cases had worked in an occupation with definite
or probable asbestos exposure compared with 176 (25.8%) referents (crude
odds ratio for lung cancer 1.49, 95% CI 1.09-2.04). After adjustment for age,
sex, smoking history, and area of referral, the odds ratio (95% Cl) was 2.03
(1.00-4.13) in the subgroup of 211 with a median ILO score for small
parenchymal opacities of 1/0 or more, and 1.56 (1.02-2.39) in the 738 witha
score of 0/1 or less (ie, those without radiological evidence of pulmonary
fibrosis). These results suggest that asbestos is associated with lung cancer
eveh in the absence of radiologically apparent pulmonary fibrosis.”

The 1995 Wilkinson paper in Lancet prompted a detailed response published in 1996 in the
British journal Thorax by Robert Jones (Department of Medicine, Tulane University), Janet
Hughes and Hans Weill (Department of Biostatistics and Epidemiology, Tulane University).5
Jones, Hughes and Weill presented detailed criticism of Wilkinson's methodology:
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“The authors actually ignored their subjects’ assertions conceming whether or
not each was exposed to asbestos. Why it was preferable to use a
mesothelioma study job classification is not explained. The dose-response
relationship of asbestosis and asbestos-attributable lung cancer are similarto
each other but differ greatly from those of mesothelioma. Only the jobs in the
authors' 'definite’ category - asbestos production, heating trades, and
insulation work - inspire much confidence that each individual so classified
would probably have had moderate or heavy exposure. The controls proved
to have greater prevalence of ‘definite’ exposure than the cases! Jobs listed
in the ‘probable’ and 'possible’ categories included many for which there is
inadequate evidence of asbestos-related lung cancer. In the analyses the
authors combined 'definite’ and ‘probable’ as both a categorical variable and
a criterion for computing length of exposure.”

In addition to the above problems, in the Wilkinson study a non-standard method of chest
x-ray interpretation was performed, involving "masking” as much as two quadrants of the
film. Jones et al commented that “Masking the radiographs would be expected to reduce
the chance of a correct judgement, leading to both false positive and false negative
assessments” and further observed that “In fact, Wilkinson et al failed to find a relation
between exposure to asbestos and the presence of small opacities.” About the Wilkinson -
paper, Jones et al concluded:

“When the adjusted odds ratios (ORs) were further broken down for small
opacities of category 0/1 or less and category 0/0 alone, the authors
[Wilkinson et al} found ‘evidence that ORs increased’ withduration of exposure
in bbth categories. However, in both categories the ORs for less than 10
years' exposure were much higher than the ORs fori0 or more years'
exposure, and the ORs of the latter were not significantly >1.0 in all subjects
or in men aged 40 years or older. This is surely evidence against, not for, a
dose-response relationship in groups with ‘negative’ radiographs. Inthe end,
the cited observations rest only on dichotomised exposures, estimated
according to a scheme that may be valid for mesothelioma but cannot be
presumed so for lung cancer. Under the weight of additional concerns about
the study of hospital patients with masked radiographs, this work does not
provide convincing support for an asbestos-attributable risk in the absence of
small opacities.”
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Jones, Hughes and Weill also provided a review of the epidemiological literature, beginning
with the 1947 publication of the British Annual Report of the Chief Inspector of Factories,
cited above. Additionally, the authors gave a detailed review of other published data,
including studies of the relationship between forms of lung fibrosis other than
pneumoconiosis and an increased risk of lung cancer, lung cancer registry studies, asbestos
fiber burden studies, animal studies and pleural plaque epidemiological studies.
Summarizing all of the available evidence, the authors provided the following “Learning
Points” table:

1. Lung fibrosis of many causes - known and unknown - is associated with
increased risk of lung cancer.
2 The much discussed synergism between asbestos "exposure” and studies of

insulation workers turns out to be a synergism involving asbestosis, not just
asbestos exposure.

3. The site of origin and cell type of a lung cancer are not regarded as reliable
indicators of causation (or non-causation) by asbestos.

4, in asbestos inhalation experiments animals develop excess lung tumours
only when lung fibrosis is also produced.

5. Pleural plaques have not proved to be a reliable marker for increased risk of
lung cancer.

6. Excess fung cancer deaths In populations exposed fo asbestos are generally

first detected at about the same cumulative exposure levels as those at
which asbestosis begins to appear.

In addition to the above tabie, the authors concluded by stating:

“While the issue of whether-asbestosis is a necessary precursor to asbestos-
attributable lung cancer cannot at this time be considered settled, the weight
of the available evidence strongly supports this proposition.”
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In February 1999, the journal Chest published a major review and meta-analysis by William
Weiss®®, titled “Asbestosis: a marker for the increased risk of lung cancer among workers
exposed to asbestos.” The author focused on the published cohort studies that provided
evidence regarding the hypothesis “that excess lung cancer risk occurs only among those
workers who develop asbestosis” (thus avoiding the methodological problems of the
Williamson study cited above). Weiss presented the data from muiltiple cohort studies dating
back to 1960 (many of the studies cited by Weiss are also described above) that included
information about the presence or absence of asbestosis and the occurrence of lung cancer.
Additionally, Weiss presented data from7 studies dating back to 1980 of asbestos-exposed
cohorts in whom no deaths from asbestosis were recorded and for which the summary SMR
for lung cancer was exactly 1.0, obviously leading to the conclusion that “if the asbestos
exposure was not sufficient to cause any deaths from asbestosis, there is no increased risk
of lung cancer.”

In addition to the above, Weiss provided data from 38 cohorts reported in 30 reports in
which “it is possible to estimate the rates for each disease, [asbestosis and lung cancer]
using the number of individuals at the start of observation as the denominator and calculating
the cumulative rates...” Twenty-nine of the 38 cohorts included more than 1000 subjects and
4 of the studies included more than 10,000 workers. Figure 1 of Weiss' report, a
scattergraph of the data from all of the 38 cohort reports, is reproduced below:
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Figure 1 from the Weiss report iabove) demonstrates a linear correlation coefficient of 0.74
whichwas statistically highly significant, indicating a significant relationship between excess
lung cancer rates and asbestosis death rates.

Weiss further considered data from an important paper by Newhouse®® which reported on
6 subcohorts of 512 10 1,368 workers. Figure 2 from the Weiss report is reproduced below.
Similar to Figure 1 (above), Figure 2 is a scattergraph of cumulative excess lung cancer
death rates plotted against cumulative asbestosis death rates for the 6 subcohorts.
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Weiss explained that in the above figure,

“The four male factory subcohorts are represented, from left to right, by the
first three points and the last one. For these four points, the linear correlation
coefficient is 0.99. The points for the laggers and female factory workers
(fourth and fifth points) were close to the regression line for all six sets of
data; the correlation coefficient was 0.98, statistically highly significant, and
the intercept was not significantly different from a zero excess lung cancer
rate.”
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Thus, Weiss concluded, “the cumulative asbestosis mortality rate is an excellent predictor
of the cumulative excess lung cancer mortality rate.” Weiss also provided detailed analysis
of an important paper published in 1997 by Lidell, McDonald and McDonald™ in the Annals
of Occupational Hygiene pertaining to the 1891-1920 birth cohort of Quebec chrysotile
asbestos miners and millers, the largest cohort published in the medical literature. Figure
5 from the Weiss report, which plots the relationship between lung cancer SMR and
asbestosis mortality rates against cumulative asbestos exposure in fiber/mi-years, is

reproduced below:
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Regarding the data shown'in Figure 5 from the Weiss report reproduced above, Weiss
commented:

“The exposure-response curve for the asbestosis mortality rate was plotted
in Figure 5 interms of the number per 100,000 person-years. The curve rises
very smoothly from the very lowest to the highest exposure category,
suggesting that there is a much lower threshold, if any, for asbestosis deaths
than for lung cancer deaths. The rates rise from 12 to 399 per 100,000
person-years. Above a median exposure of 450 f/mL-years, the curves for
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lung cancer and asbestosis are almost identical. The two curves are based
ondisease measures that are not the same for lung cancer as for asbestosis.
Nevertheless, the correlation is remarkable.”

The medical literature contains other reports which plotted the relationship between lung
cancer SMR and estimates of cumulative asbestos exposure, although few studies benefit
from asbestos dust counts such as those reported by the Liddell report, in which case many
of the counts were obtained in the mines by a single investigator over many years. Of the
studies that challenged the relationship between asbestosis and lung cancer, the Finkelstein
paper, published in 1984 in the American Review of Respiratory Diseases, was singled out
by Weiss for particular criticism. Weiss observed that plotting the relationship between lung
cancer SMR and cumulative asbestos exposure as reported by Finkelstein resulted in “a
curve with a very strange shape.” That plot, shown in Weiss report as Figure 3, is
reproduced below:
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In my experience, the Finkelstein report is sometimes cited in medical-legal cases involving
asbestos exposure and lung cancer. In contrast to reliable data such as that from
Newhouse and Liddell, presented in detail and cited above, Weiss gave the following
commentary about the 1984 Finkelstein report:

“The Finkelstein curve is based on a 1984 report inwhich the lung cancer risks
presented were not SMRs. They were rate ratios based on mortality rates
per 1,000 man-years among 535 exposed male employees in an Ontario
asbestos-cement factory run by the same company as those plants covered
in the article by Hughes et al [1987]. The comparison was to rates for Ontario
men and the various rates were standardized to the age and latency
distribution of the entire cohort. Flaws in the design of the study are as
follows: tracing was only 84% complete, the Ontario male rate was based on
statistics for 1970 to 1974 whereas the period during which person-years of
exposed men were accumulated is not given, the numbers of lung cancer
deaths ineach stratum of exposure were small, and exposure estimates inthe
early years of exposure were uncertain. Interpretation of this strange
exposure-response curve is impossible.”

Progression of asbestosis and the risk of lung cancer

Additional evidence in support of the hypothesis that asbestos exposure increases the risk
of lung cancer in those patients who develop asbestosis was provided by the June 1998
report in Chest by Oksa’' and colleagues from the Finnish Institute of Occupational Health,
University Bf Helsinki, who reported on a study of 85 asbestosis patients (78 men and 7
women) who had serial chest x-rays between 1979 and 1987. Among the asbestosis
patients who demonstrated progressive interstitial fibrosis by serial chest radicgraphs there
was a remarkably high incidence of lung cancer. All of the asbestosis patients who

developed lung cancer were current or ex-cigarette smokers. The authors concluded that:

“Asbestosis patients withradiographic progression of small opacity profusion
over a few years are at a.higher risk of lung cancer than those with a less
aggressive course of the disease. The progression of pulmonary fibrosis may
be an independent risk factor that, in addition to smoking history and the
intensity of asbestos exposure, could be used to estimate lung cancer risk.”
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Whether or not progressive asbestosis is an independent risk factor for lung cancer, this
study provides further evidence of the importance of asbestosis in the development of lung
cancer.

Non-occupational asbestos exposure

Another way to study the effects of asbestos exposure on the risk of lung cancer is to
examine family contacts of asbestos workers. In the medical literature such exposure has
been typically described as low dose, although some non-occupational secondary exposure
was of moderate, and not really low, intensity.

The largest and most recent study of non-occupational asbestos exposure was performed
by Michel Camus and his associates’ of the Epidemiology and Biostatistics Unit of the
Institut Armand-Frappier and the Depariment of Epidemiology and Biostatistics, McGill
University. Camus et al:

“... determined the number of deaths that occurred between 1970 and 1989
among women at least 30 years of age who lived in 2
chrysotile-asbestos-mining areas or 60 reference areas in the province of
Quebec. . . . Over the entire observation period, among women 30 years of
age or older, there were 221,375 person-years in the asbestos-mining areas
and 8,629,630 person-years in the reference areas.”

Three mining areas were defined: Asbestos, Quebec, Thetford Mines, Quebec and Black
Lake, Quebec. {Previous studies by McDonald and McDonald’® demonstrated that
chrysotile asbestos from Thetford had a higher tremolite contamination than asbestos mined
in Asbestos, Quebec. McDonald and McDonald correlated the incidence of mesothelioma
with work in the 5 central Thetford mines which had a high tremolite burden vs work in the
10 peripheral mines which had a 4 fold lower tremolite contamination. Thus it was not
surprising that Camus et al identified several possible mesothelioma cases in the
housewives.)

Camus et al undertook a complex estimate of:
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“... the population's average cumulative exposure to asbestos, which is the
product of the intensity and the duration of exposure, These two components
were estimated separately for each of three possible types of exposure:
neighborhood exposure, resulting from emissions from asbestos mining or
miling in the towns' outdoor air; household exposure, resulting from dust
brought home by asbestos workers; and occupational exposure. . . . Average
annual ambient levels were estimated to have peaked at 1 fiber per milliliter
or more (this value reflects the number of fibers longer than § micron and
visible on optical microscopy per milliliter of air) between 1940 and 1954 and
to have been above 0.2 fiber per milliliter from about 1905 to about 1965."

Additional exposures were calculated for the estimated 70% of the women who had lived
in the same household as an asbestos worker and the 5% of women who actually worked
in the asbestos industry. The estimated average cumulative asbestos exposure was 25
fiber-years, which is interesting because it is equivalent to the previously identified threshold
exposure for asbestosis.” 7° 7

Camus et al found that of 2242 deaths among the housewives studied, there were 2 deaths
from asbestosis. Whether or not those two women were among the 5% of women who
worked in the asbestos industry was not stated. For lung cancer, Camus identified 71
deaths among the asbestos exposed housewives compared to 71 deaths that were
expected based on Quebec population statistics, resulting in a standardized mortality ratio
of exactly 1.0. Using a somewhat different statistic, the standardized proportionate mortality
ratio, resulted in a value of 1.1 (P>0.05), suggesting between 0 and 6.5 excess deaths from
lung cancer among the women with non-occupational exposure to asbestos. Seven deaths
from pleural cancer were observed (relative risk, 7.63; P<0.05). Camus et al concluded:
“We found no measurable excess risk of death due to lung cancer among women in two
chrysotile-asbestos-mining regions. The EPA's model overestimated the risk of
asbestos-induced lung cancer by at least a factor of 10.”

Pulmonary parenchymal asbestos fiber burden and risk of lung cancer
Greenberg and Roggli’” have agreed that there is a relationship between asbestosis and

lung cancer but suggested that the presence of an elevated tissue asbestos burden (without
associated asbestosis) might also be enough to increase the risk of lung cancer:
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“. . . the weight of the evidence at this time seems to indicate that, in an
asbestos worker with carcinoma of the lung who also smokes cigarettes,
asbestosis must be present clinically or histologically (or there should at least
be a tissue asbestos content within the range of values observed in patients
with asbestosis) [emphasis added] in order to assign a substantial contributing
role to asbestos in the causation of the lung cancer.”

Roggli, Pratt and Brody’® reviewed 5 reports of tissue asbestos content in asbestosis. In
all 5 reports the median uncoated fiber count exceeded (usually by a considerable amount)
1 x 10° fibers per gram of dry lung tissue. Roggli et al suggested that 1 x 10° fibers is a
threshold tissue burden for the development of asbestosis. Roggli further reported that the
mean uncoated fiber count in 76 patients who had pathological evidence of asbestosis was
3.3 x 10° fibers per gram of dry lung tissue. Roggli et al also reported on a study of 143
patients who had been exposed to asbestos and who developed lung cancer. All but 6 were
cigarette smokers or ex-smokers. Among the 48 patients who had pulmonary parenchymal
asbestosis the mean asbestos fiber count was 3.07 x 108 fibers per gram of dry lung tissue.

Roggii”® reported that of 76 patients who had asbestosis, the mean asbestos body count
was 378,000 per gramdry lung. Roggli, Greenberg and Pratt® reported that of 48 patients
who had asbestosis and lung cancer, the mean asbestos body count was 334,000 bodies
per gram dry lung.

In the March 2000 edition of the Annals of Occupational Hygiene, Roggli and Sanders®’
presented additional detailed analysis of asbestos fiber burden inthe lung tissue of asbestos

exposed patients who had lung cancer. Roggli and Sanders studied lung tissue from 234
cases, most of which had been referred for medical-legal evaluation. lLung tissue was

examined pathologically for the presence or absence of asbestosis, defined as
“peribronchiolar fibrosis with or without alveolar septal fibrosis in association with asbestos
bodies.” The presence or absence of pathologically demonstrated pleural plaques was also
noted. Asbestos body counts were made in all cases, according fo the light microscopy
method described by Roggli and reported in AB/g wet lung compared to a background level
in normal lung of 0-20 AB/g with a LOD (limit of detection) of 3 AB/g.
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In addition to asbestos body -~

determination, Roggli and Sanders -k
performed asbestos fiber burden —3% .
analysis using a JEOL JSM-6400 SEM L

(scanning) electron microscope. |- -
Asbestos fiber type was determined by
an EDXA (energy dispersive x-ray
analysis) unit fitted to the SEM. For
purpose of analysis, the patients were
divided into 3 groups: Group | had light
microscopy evidence of asbestosis,
Group It had pleural plaques without
asbestosis and Group Il were PEOL 6401 SEM
pathologically normal. The results are

summarized as follows:

Asbestos bodies/g | Total fibers >5¢ m/g
wet lung wet iung

Group | (asbestosis) 27,300 253,000
Group Il {plaque) 710 14,000
Group Il (normal, but 80 4,990
asbestos exposed)
Normal, not asbestos 2.9 <600
exposed

Results from such studies are often reported in the medical literature per gram dry lung.
Multiplication of the above values by approximately 10 gives results per gram dry lung.

Roggli and Sanders emphasized that “differences among Groups I-lll in our study were
almost entirely accounted for by commercial amphiboles, primarily amosite. indeed,
commercial amphiboles were detected in 88% of cases.” Because chrysotile asbestos
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tends to break down after Ioné residence in the lung and because many chrysotile fibers
have a diameter less than 0.1 ® m (not detected by SEM at screening magnification), SEM
does not reflect past exposure to chrysotile.

Roggli and Sanders emphasized that more than 50,000 fibers of commercial amphibole
asbestos (amosite + crocidolite) was detected per gram wet lung (approximately =
500,000/g dry lung) in 82% of group | patients (i.e. asbestosis) and that equal numbers of
asbestos fibers were detected in only 9 cases from groups Il and lil. Thus, the distribution
of fiber counts was bimodal and differentiated asbestosis from non-asbestosis cases.
Roggli and Sanders concluded:

*... among a selected group of primary lung cancers from the United States
with some history of asbestos exposure, a markedly elevated pulmonary
asbestos burden was identified among those with a pathologic diagnosis of
asbestosis... Taken together, these findings suggest that an amphibole fiber
burden sufficient to induce carcinoma of the lung is most often (but not
invariably) accompanied by histologic evidence of asbestosis.”

Pathogenesis of lung cancer in asbestos workers exposed to cigarette smoke

Almost all cases of lung cancer, including those which occur in asbestos workers who have
asbestosis, are related to cigarette smoking. Of the 35 lung cancer cases described in
1989 by Sluis-Cremer and Bezuidenhout, 33 were current or ex-smokers. Of the 28 cases
of lung cancer described in 1991 by Hughes and Weil, all were smokers. Of the 234 cases
described by Roggli and Sanders (above) smoking history was available in 157 of the cases
and all but*11 were smokers, i.e. 93% were current or ex-smokers.

The tobacco leaf contains a complex mixture of compounds, including starches, proteins,
sugars, alkaloids, hydrocarbons, phenols, fatty acids, sterols, and inorganic minerals. When
subject to buming temperatures of 830 to 890 degrees centigrade, these compounds
undergo extensive pyrolytic reactions, making the cigarette a tiny "chemical factory" that
generates thousands of different compounds. Mainstream cigarette smoke is a
concentrated aerosol consisting of a heterogenous mixture of gases, uncondensed vapors,
and about 10" particles/mL. The particulate phase contains an estimated 3,500 to 4,000
different chemical compounds, including most of the carcinogens. By the late 1950's many
of the compounds in tobacco smoke had been identified; many were known carcinogens,
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identified earlier by Hartwell in 1951 and others and summarized in 1964 by the Surgeon
General of the United States in the first report on cigarette smoking and disease®? who
observed that tobacco smoke contained at least seven, and probably many more, known
carcinogens, of which benzo(a)pyrene, a polycyclic hydrocarbon, was "the most potent” and
was present in the highest quantity in tobacco smoke. In addition, as remarked by the
Surgeon General in 1964, other polycyclic hydrocarbons isolated from tobacco smoke were
"not yet adequately tested for carcinogenicity.” By 1989 the Surgeon General®® had
identified 43 compounds in cigarette smoke as known carcinogens. A 1999 review®*
published by Stephen Hecht of the University of Minnesota Cancer Center in the Jounal of
the National Cancer Institute identified 55 carcinogens in mainstream smoke, including 20
pulmonary carcinogens.

The two kinds of cigarette smoke carcinogens that are currently best understood are the
polycyclic aromatic hydrocarbons (PAHSs) including benzofa]pyrene, and the tobacco specific
nitrosamines (TSNA's} including compounds named NNN and NNK. The PAHSs are delivered
directly to the bronchial tubes and lung tissue by inhalation whereas the TSNAs are inhaled
and absorbed and then delivered to lung and airway tissue in the bloodstream. The PAHs
and TSNAs are metabolized within the body and unfortunately transform into compounds
which stick or adduct to certain spots on human genes, forming “DNA adducts”. These DNA
adducts injure the underlying DNA, resulting in point mutation of certain essential genes
which are called oncogenes such as the K-ras gene, and tumor suppressor genes including
the p53, myc and rb genes. Multiple recent review articles summarize this evolving
knowledge about gene mutations which are caused in almost all cases by exposure to
carcinogens present in cigarette smoke,? 8 87 8 8 0 The exact mechanisms by which
certain identified cigarette carcinogens such as benzo(a)pyrene® and tobacco specific
nitrosamings™ cause gene mutations has also been described.

The biochemical pathways through which PAHs and TSNAs are metabolically activated and
form DNA adducts were reviewed by Hecht in the 1999 Joumnal of the National Cancer
Institute article (previously cited) and are summarized below:
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Individuals vary significantly in their ability to detoxify such exogenous chemicals. To an
important degree, this variability is dependent on genetically defined production of enzymes
such as glutathione S-transferases (GSTs) and N-acetyltransferases (NATs) controlled by
GSTM1, GSTT1 and other genes.®® %4 %5 % 97 %8 Racant investigations have revealed that,
because tebacco carcinogens require metabolic activation before binding to DNA, "...
variations in an individual's metabolic phenotype that have been detected in enzymes
involved in activation and detoxification should play an essential role in the development of
environmental cancer. This phenotypic metabolic variation has now been related to genetic
polymorphisms, and many genes encoding carcinogen-metabolizing enzymes have been
identified and cloned.™® Variability in genetically defined production of enzymes explains the
increased incidence of lung cancer in first order relatives of lung cancer patients that has

been recognized for many years.
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The K-ras oncogene is mutated in about 30% of adenocarcinomas, generally at codon 12,
but mutated K-ras is identified less frequently in squamous cell carcinoma.'® The p53 tumor
suppressor gene is mutated in about 70% of small celt lung cancer, 65% of squamous cell,
60% of large cell and 33% of adenocarcinoma. The fundamental importance of point
mutation in oncogenes and tumor suppressor genes in lung cancer is consistent with the
multiple epidemiological observations that lung cancer risk is increased in cigarette smokers
who are exposed to asbestos and develop asbestosis: interstitial fibrosis causes increased
pulmonary cellular replication which results in the expansion of clones of cells which carry
genes mutated by exposure to carcinogens such as benzo-a-pyrene. However, the question
remains, does asbestos exposure itself, including exposure insufficient to result in
asbestosis, cause point mutation in genes crucial to lung cancer development such as K-ras
and p53? In 1995 Wang et al'®? of the Occupational Health Program, Harvard Schoo! of
Public Health reported on a study of 85 lung cancers surgically removed at the
Massachusetts General Hospital and suggested that p53 mutations were more common not
only in patients with a heavy smoking history, but also in patients exposed to asbestos. In
1999 Nelson et al'* of the Department of Cancer Cell Biology, Harvard School of Public
Health reported on their study 84 male lung cancer patients who underwent surgical
resection at the Massachusetts General Hospital between 1992 and 1996. The goal of the
study was:

“to test whether occupational asbestos exposure was associated with k-ras
codon 12 mutations inlung adenocarcinoma tumors and to determine whether
this was conditional on the presence of asbestosis.”

The study was limited to men who had adenocarcinoma. The authors reported:
“The prevalence of k-ras mutation was higher among those with a history
occupational asbestos exposure {(crude odds ratio, 4.8, 95% confidence
interval,1.5-15.4) compared to those without asbestos exposure, and this
association remained after adjustment for age and pack-years smoked
(adjusted odds ratio, 6.9; 95% confidence interval, 1.7-28.6). Anindex score
that weights both the dates of exposure and the estimated intensity of
exposure indicated that those with k-ras mutations had significantly greater
asbestos exposures than those without mutations (P < 0.01). Analysis of the
descriptive components of exposure indicated that the duration of exposure
was not associated with k-ras mutation, but that the time since initial exposure
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was significantly associated with mutation status. The association of k-ras
mutation and reported asbestos exposure was not dependent onthe presence
of radiographic evidence of asbestos-related disease. These data suggest
that asbestos exposure increases the likelihood of mutation at k-ras codon12
and that this process occurs independently of the induction of interstitial
fibrosis."

However, the study design of the Nelsonreport (above) contains serious, unexplained flaws.
Asbestos exposure was determined only by history and there was no description of the
presence or absence of pathological asbestosis, nor was there an attempt to correlate
asbestos fiber tissue burdens with the finding of K-ras mutations. Of the 21 patients
determined on the basis of history to have had asbestos exposure, 42.9%, or more simply
9 patients, were classified as having “high” asbestos exposure, and yet, only one patient
was thought to have interstitial fibrosis on chest radiograph and there was no description of
pleural plaque. importantly, the authors did not indicate that the chest x-rays had been read
by a NIOSH certified B reader.

A more detailed report, not limited by the above research design problems, was published
in April 1999 and revealed different findings. Husgafvel-Pursiainen et al'®® of the Finnish
Institute of Occupational Health reported in the American Journal of Respiratory Cell and
Molecular Biology on their study of 105 lung cancer patients, nearly all of whom were
cigarette smokers. Occupational asbestos exposure was determined both by history and
by pulmonary parenchymal asbestos fiber burden, and 32% (33 men) of the cases were
found to have a fiber burden® 1 x 10° asbestos fibers per gram dry lung (although fibers >1
um were counted, rather than just fibers >5 ym ). Scanning electron microscopy was used
and chrysotile could not be identified easily; most of the fibers were amphiboles and in fact
antophyllite was the most commonly identified fiber. Seven of the 33 men with a count ® 1
x 10° asbestos fibers per gram dry lung were diagnosed by histology as having asbestosis.
The authors reported that p53 mutation was less common in asbestos exposed thanin non-
exposed patients. In contrast, the K-ras mutation, which was markedly increased in patients
with adenocarcinoma, was more common in cases with occupational asbestos exposure (10
of 30 cases, 33%) than in those without exposure (9 of 54, 17%); however, the authors
suggested:
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“... observed differences in the frequencies of p53 and K-ras mutations
between the asbestos-exposed and nonexposed lung cancer cases may, at
least partially, reflect the relative increase of adenocarcinoma cell type among
the exposed cases.”

in other words, K-ras mutation may be more common in asbestos exposed individuals at
least partially because adenocarcinoma is more common in those patients. Furthermore,
the authors demonstrated a direct relationship between asbestos tissue burden and K-ras
mutation:

Husgafvel-Pursiainen et al 1998:

—" - PREVALENCEOF ADENOCARCINOMAHISTOLOGY
T,, ~fi (%), P53 MUTATIONS, AND K-RAS MUTATIONS IN

MALE LUNG CANCER PATIENTS WITH
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The above observations are consistent with previous epidemiological studies described
earlier in this report which indicate that the increased risk of lung cancer in asbestos workers
is limited to those individuals who have asbestosis or an asbestos tissue burden typical of
ashestosis; furthermore, it is consistent with a newly published 1999 study'™ also from
Finland which revealed a marked increase inlung cancer risk (standardized incidence ratio
[SIR] = 6.7; 95% confidence interval [Cl] = 5.6-7.9) in patients with asbestosis as opposed
to a slightly elevated risk in patients with “asbestos-related benign pleural disease” (SIR =
1.3, Cl = 1.0-1.8).
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Increased risk of lung cance;' in other forms of interstitial fibrosis

If the increased risk of lung cancer in asbestos workers is limited to those workers who
develop interstitial fibrosis (i.e. asbestosis), then a similar pattern of increased lung cancer
risk should also occur in patients with other kinds of interstitial fibrosis. The latter has been
suggested for years in the medical literature, for example, in patients with scleroderma.'®
108 107 108 109 A recently published study from England provides support for this concept.
Hubbard et al''® “estimated the independent increase in lung cancer incidence in patients
with cryptogenic fibrosing alveolitis [the term used in Great Britain for idiopathic pulmonary
fibrosis] compared with the general population in a population-based cohort study involving
890 subjects with cryptogenic fibrosing alveolitis and 5,884 control subjects drawn from the
United Kingdom General Practice Research Database.” The authors indicated that their
study was the largest population study on this topic published to date. Hubard et al
reported:

“The incidence of lung cancer was markedly increased among patients with
cryptogenic fibrosing alveolitis (rate ratio [RR] 7.31, 95% confidence interval
[95% Cl] 4.47 to 11.93, p < 0.001), and adjustment for previous smoking
history had littie effect on this odds ratio (adjusted RR: 8.25, 95% Cl 4.70 to
11.48, p < 0.001). This increase in lung cancer incidence remained when the
analysis was restricted to current smokers (RR 7.36, 85% Cl 1.54 to 35.19,
p = 0.012). This study provides clear evidence that the incidence of lung
cancer is increased in patients with cryptogenic fibrosing alveolitis, and that
this effect is independent of the effect of cigarette smoking.”

-

In summary, asbestos workers who smoke and who develop asbestosis are at increased
risk for the development of lung cancer because:

1. Cigarette smoke is a primary carcinogen or "inducer” which stimulates mutations (i.e.
malignant transformation of gene DNA) in bronchial epithelial cells resulting in
dangerous alterations in oncogenes such as the K-ras gene and dysfunctional
alterations in tumor suppressor genes such as the p53 gene.
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2. Chronic proliferation of phlmonary cells associated with pulmonary fibrosis increases
the likelihood that mutated cells will produce a malignant tumor;

3. Pulmonary fibrosis disrupts the lung's natural protective mechanisms which normally
limit the proliferation of mutated cells; and,

4. increased tissue burden of asbestos equal to or greater than the tissue burden
typically associated with pulmonary parenchymal asbestosis may directly increase
the incidence of at least some oncogenes such as K-ras and increase the risk of
adenocarcinoma

It should be noted that despite the consistency and authority of the published medical
evidence reviewed by authors such as Jones and Weiss cited above, the corroboration
provided by epidemiological studies onrelated topics such as progression of asbestosis and
non-occupational asbestos exposure, and the recently obtained understanding of lung cancer
pathogenesis, some authors continue to disagree that the relationship between lung cancer
and asbestos is really that originally suggested in a 1949 editorial published in the Journal
of the American Medical Association''?, i.e.:

“... the available evidence shows that the occurrence of cancer of the lung is
related to pulmonary asbestosis and is not merely a possible sequella of
exposure to asbestos dust...."

Inthe February 1999 issue of Chest which carried the Weiss report, a contrary editorial, by
Banks, Wang and Parker''? of the West Virginia University School of Medicine also
appeared. (Dr. Parker is a respected official of NIOSH). Banks et al stated:

“Thus, we can agree that both asbestosis and asbestos- related lung cancer
occur at a rate commensurate with exposures, however, it appears unlikely
that epidemiologic studies are adequate to convince all parties that asbestosis
must be recognized in a population to place the members of that cohort at
excessive risk for lung cancer.”
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To which | would comment that while extensive, consistent, reproducible, historical and
current epidemiological data may not be sufficient to convince “all parties” that the
relationship between asbestos exposure and lung cancer is due to an increased risk inthose
patients who have asbestosis, conclusions such as those given by Jones and Weiss derived
fromthe epidemiological datarepresent the current scientifically sound consensus of medical
opinion and should serve as the scientific basis for answers in medical-legal matters.

Other cancers: In the past, scientists suggested that certain cancers other than
mesothelioma and primary lung cancer were associated with asbestos exposure.’® '
Subsequently, extensive medical and epidemiological investigations have provided strong,
generally consistent evidence that other cancers are not caused by asbestos exposure.
Specifically, the weight of the medical evidence indicates that the following malignancies are
not associated with asbestos exposure: laryngeal cancer, S 118 117 118 119 120 121 122 123 124 125
126 127 128 129 130 131 132 133 134135 136 cancers Of the gastrointestinal tract137 138 139 140 141 142143
144 145 146 147 and cancers Of the urinary tl'act.Me 149 150 151 152 153 154 155 156 157 158 158 160 161

Al fm‘mgo% M. D,

Signed electrpnically by:
[.A. Feingold, M.D., F.R.C.P.(C), FCCP
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