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MEDICAL PROGRESS ' ' :

THE PATHOGENESIS OF ASBESTOS-ASSOCIATED DISEASES

Jonx E. Cratcueap, M.D., axp Brooke T. Mossuan, Pu.D.

SBESTOS is one of our most uscful mincrals. Over
< . 3000 manufactured products of coniemporary
importance contain it. Asbestos is emploved in con-
struction materials becausc it is resistant to thermal
and corrosive destruction and increases the tensile
strength of the product. These properties are also the
basis for the usc of the mineral in friction equipment
and in a wide variety of consumer items requiring a
relatively incxpensive insulation material that is light
and subject to molding. Since the turn of the century,
about 3x 107 tons of asbestos have been used in con-
struction and in the fabrication of manufaciured goods
in the United Stactes. At present, several million
Americans are emploved in industries that usc a<bes-
tos products, and countless millions of Americai, citi-
zens are exposed to asbestos cryptically in the course of
their dailv lives.

Public concern over the effects of asbestos on health
is mounting. Although a total ban on its use in this
country has been proposed, most would agree that

From te Department of Puhology. Uravensity of Vermom College of Meds-
cme. Butmpion, VT 05403, where repnat requesas shouid be d w Dr.
Crughead.

asbestos cannot be replaced expeditiously in many
products. Litigation based on personal injury conse-
quent to pulmonary fibrosis and cancer is an increas-
ing problem for companies involved in the manufac-
ture, use, and distribution of asbestos. About 12,000
suits have been brought against 260 companies by
workers, their families, and members of the general
publu: 2 The spectrum of liability has now widened to
involve the federal government for alleged negligence
in establishing adequate environmental standards.

This review summarizes our current knowledge of
the adverse effects of asbestos on health and provides a
perspective on the pathogenetic mechanisms of the
discases associated with exposure. Since there are sev-
eral different mineralogic types of asbestos, we will
attempt to assess the extent to which findings with one
type can be applied to another. Detailed analvses of
the issues addressed in this paper have been published
elsewhere.**

MiNEnaLOCY

Asbestos is not one mineral but a family of fibrous
hydrated silicates that are divided on the basis of min-
eralogic features into two groups: the serpentines and
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the amphiboles (Fig. 1). The term “asbestos™ refers 1o
the commercial product after mining and processing
and is not 3 mineralogic designation. Although the
length:width ratio of the mineral fiber known as asbes-
tos is by definition #3:1, the individual fibers making
up the materials used in commerce vary substandally
in width and length (Fig. 2).

. Chrysotile is the only serpentine of commercial im-
portance. It is composed of pliable, curly fibers made
up of fibrillar subunits. These fibrils are arranged in
pseudohexagonal arrays composed of silicon oxide
sheets formed into scroll-like structures. The magne-
sium ion, which imparts a strongly positive charge to0
the fiber, is an integral component of the lattice.

The amphiboles are straight, rodlike fibers consist.
ing of double chains of tewrahedral groups having a
basic silicon oxide composition and linked by one or
more cations. The amphiboles differ from chrysotile in
both physical and chemical makeup. There are several
tvpes of amphibole, but crocidolite and amosite are the
two minerals of major importance.

Although an asbestos type is classified on the basis
of its mineralogic characteristics, the products of dif-
ferent mines are not necessarily the same. Moreover, a
commercial type of asbestos is not always mineralogi-
cally pure. For example, Canadian chrysetile contains
small amounts of an amphibole fiber, wemolite. In
addition. industrial grades of asbestos are contaminat-
ed with extraneous inorganic and organic substances
that are acquired cither natwrally or during proc-
essing.

Deposits of serpentine and amphibole are ubiqui-
tous in the crust of the earth. Outcrops are found in
many geologic formations and probably account for
the mineral fibers commonly found in surface water.
Asbestos is also found with other minerals of commer-
cial importance, such as the iror ore tacopite and in-
dustrial-grade talc. Canada and South Africa are the
majos suppliers in the western world, although mines
of limited commercial importance are found in many
countries. In the United States serpentine and amphi-
bole minerals are distributed widely in geologic strata,
but only two relatively small mines in Vermont and
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Figure 1. Types of Asbestos of Commercial and Medical impor-
ance and Their Chermical Compositons.
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Figure 2. Differing Structural Features of Serpentine (Chysotile)
and Amphibole (Crocdolts) Asbestos.

These scanning slectron micrographs of Intemational Union
against Cancer reference sampies of chrysotile (Panel A) and
crocicoine (Panel B) asbestos diustrate the heterogeneny of fibers
in DOth length and diamaeter. Micrographs of the hamster tacheal
eorhelium sfier exposure in vitro o asbestos iliustrate the curly,
piiadle nature of chrysouie (Panel C) and the straight, rog-ike form
of crocidoiite (Pane! D). Note the dimensions of the fibers in com-
panson to the cilia. Photomicrographs were furmished by Mr. Craig
Wooaworth, Deparument of Pathoiogy, University of Vermont Cok-

lege of Mecicine. .

California are active. The amount of asbestos pro-

duced in the Soviet Union and the People’s Republic of

China far exceeds that extracted in the West.
Chrysotile currently accounts for over 90 per cent of

the towal asbestos marketed in this country and

abroad. Crocidolite is the most widely used amphi-
bole, but for reasons considered below, its commercial
importance has decreased over the past several dec-
ades (Table 1).

Uszs or Assestos

The unique physical properties of asbestos dictate
its continued use by industry, despite contemporary
concerns about its effects on health. Although various
man-made and naturally occurring substances have
been developed as substitutes for asbestos, none
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Tabie 1. Congumption of Different Types of Asdestos in the
United States in 1978.°

L Tvou or Assasros Teta
. Asaesros

CWINOTILE  CAGCIDOUTE  ANOITY

mesne v

Asbesios cament prpes 119.700 24,100 200 144,000
Asbestos cement shesting 1.900 - - 7.

Fioonng products 90.000 - 200 90.200
Roofing products 26.500 - - 36,500
Packing and gashers 12.200 100 - 12,300
tnsuiation, thermal $.000 - - 6.000
Insulanion. electncal 2.900 - - 2.900
Fnclion products 43,700 . - - 43,700
Costings and compounds 10.900 - - 10.900
Plasucs 1.200 100 - 1.300
Terules 1,900 - - 1.900
Paper 400 100 - 300
Otder 9.000 - 1300 10.600
Total 232300 24,400 1700  )58.700

*Modslmd frem e daa of Fagaa.’

matches asbestos in providing tensile sirength and
moldability as well as resistance to fire. heat, and cor-
rosion. In addition. many of the manufactured substi-
tutes are comparatively expensive.®

About 25 per cent of the asbestos consumed in the
United States is incorporated into cement piping for
water mains and sewage lines. Over 320.000 km of
pipe. containing about 10 to 20 per cent asbestos. is
believed to be in use in this country. Asbestos-contain.
ing cement is employed widely in corrugated and flat
sheeting. panels, tiles, and moldings for the construc-
tion industry. The mineral is used extensively in roof-
ing and paneling and as a filler in architectural dead
spaces. In the past, suspensions of asbestos were
spraved onto the structural steel of buildings to pro-
v:de insulation and fire protection.

Because if its thermal stability, asbestos is well suit-
ed for use  friction material and is applied 10 molded
brake lininigs. Although substitutes are being in.reas-
ingly emploved in disk brakcs. as in the aircraft indus-
trv. 3 drum-brake lining for passenger cars that does
not contain asbestos is not avaiiable commercially.

Textiles and plasties of a variety of rvpes and appli-
cations contain asbestos in various concentrations,
since it imparts resistance to fire and corrosion as well
as tensile strength without inordinately altering the
properties of the product or increasing its weight.

The countless additional industrial uses of asbestos
are of concern because they can be overlooked by the
manufacturer and unrecognized by the consumer. Al-
though asbestos was known to industry before the tum
of the century. its use in the United States increased
dramatically during the mobilization that accompa-
nicd World War II. Asbestos was employed liberally
in the construction and reconditioning of ships and in
such diverse war industries as the manufacture of air-
cralt engines, combat vehicles. and gas masks. Al
though worldwide production has continued to in-
crease since the war, consumpuon in this country has
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dropped substantially during the past decade. This
trend can be expected to continue. Since the latency
period for the diseases associated with asbestos is usu-
allv 20 vears or longer. most patients seen today were
initially exposed in the 1940s and 1950s, when control
measures were often not rigorous.

Diszaszs or Tz Resrizarory Taacr
anD THoRAX

The major pathologic effects of asbestos result from
the inhalation of fibers suspended in the ambient air.
The occurrence of disease is influenced by the type of
mineral and the dimensions of the fibers that consti-
tute it. as well as by the concentration of fibers and the
duration of exposure.

Deposition and Transport in the Lungs

Timbrell et al.? studied the deposition of fibers of
asbestos in the respiratory tract, using a cast of the
porcine tracheobronchial tree. The diameter of the in-
dividual fibers proved important; length was a less
important determinant.'®’! Fibers with a relatively
broad diameter are deposited in the upper respiratory
tract, whereas thin fibers are carried peripherally into
the parenchyma of the lung, where they lodge in the
terminal airwavs. Bifurcations are common sites for
fiber impaction, since patterns of air fow are altered at
these sites. .

The shape of the fibers also has a role in transport.
Aerodynamically, chrysotile has a relatively large
theoretical cross-sectional diameter because of its
curled configuration. Thus, fibers of this tvpe tend to
be deposited more proximally than the needle-like am-
phiboles, which are transporied more readily to the
periphery of the lung. These theoretical and experi-
mental considerations have been verified by analyses
of the lungs of rodents exfenmemally exposed to as-
bestos of different types.'

Three biologic mechanisms participate in the clear-
ance of fibers from the lower respiratory tract. By far,
the bulk of the dust is removed by the mucociliary
escalator of the tracheal bronchial tree, and the maie-
rial is either cxpectorated or swallowed.'*!3 In the
peripheral airways. short fibers are ingested by macro-
phages. and at least some of these celis probably mi-
grate across the wall of the bronchioles and acini.'®'8
Asbestos fibers arc also taken up by the epithelial cells
lining the airwavs and appear 1o move between cells
of the mucosa.'*? This material accumulates in the
interstitium and is carried to regional lymph nodes.!’
In general, short fibers are cleared more readily than
long fibers,'? which tend to be retained in the lumens
of the respiratory bronchioles and the alveolar
ducts.

About a third of the inhaled particles initially lodge
in the distal airways. However. only about a quarter of
this burden is retaincd in the respiratory tract one
month later.'* There are two phases of clearance
through the tracheobronchial tree. About half the as-
bestos is removed within a few days. Subsequently,
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clearance continues for extended periods. The bulk of
this material is excreted in the feces.!?

A variety of extraneous influences such as cigarcue
smoke and air pollutants affect the clearance and in-
trapulmonary deposition of fibers. However, these fac-
tors arc cxtraordinanly complex, in part because indi-
viduals appear to differ in their responses to inhaled
dust.*""

Asbestosis

Diffuse pulmonary fibrosis is the typical lesion asso-
ciated with prolonged, heavy exposure to asbestos. ¥ It
devclops slowly over a period of vears and seems to
progress in the absence of continued exposure to asbes-
tos. Initially. fibrosis is found in and around the respi-
ratory bronchioles and aiveolar ducts, where relatively
long fibers deposit. With time. the fibrotic lesion pro-
gresses in a seemingly centrifugal manner, so that in-

- creasing numbers of respiratory units are involved.

Fibers of asbestos tend to accumulate preferentially in
the lower lobes and adjacent 1o the visceral pieura.
Fibrosis is usually prominent in these regions, and the
pleural surfaces of these lobes are {requently thickened
bv a dense laver of fibrous tissue. In advanced asbesto-
sis, the fibrotic pulmonary tissue contracts and is reor-
ganized to form the new air space typical of the honey-
comb lung.

Ferruginous bodies are the histologic halimark of
expasure to asbestos.?*** They consist of fibers coated
by complexes of hemosiderin and glycoproteins and
are believed to be formed by macrophages that have
phagocytized the particles. Asbestosis can exist when
ferruginous bodies are difficult to demonstrate in the
lungs by light microscopy. On the other hand. ferru-
ginous bodies can often be found in the absence of
serious parenchymal disease.33% Thus, their presence

-alone is probably not a stimulus for the proliferation

of fibrous tissue. Although they have been shown 10
form, from forcign inorganic and organic fibers of
many different types.’” ferruginous bodics in most
human lungs have asbestos as a core.” For this rea-
son. the structures are commonly known as asbestos
bodics.

The number of uncoated fibers in the lung greatly
excceds the number of asbestos bodies in the tis-
suc. ™ It is not known why some fibers are coated
and form the typical asbestos bodies, whereas others
are uncoated. Since uncoated fibers are usually diffi-
cult or impossible to demonstrate by light microscopy,
lung tissue must be digested and the residue examined
by either phase or electron microscopy in order to
carry out qualitative and quantitative studies of the
fibers. Whereas relatively long fibers (>5 um) are
found by light microscopical techniques. electron mi-
croscopy makes it possible to identify very small parti-
cles.***' Thus far, attempts to correlate the extent of
discase with either the number of asbestos bodies or
the averail content of fibers in the lungs have been
difficult, although fibrosis is usually evident when 10¥
fibers per gram of lung (wet weight) are present.

- ““

ASBESTOS-ASSOCIATED DISEASES — CRAIGHEAD AND MOSSMAN 1949

Quantitative studies pose many problems and are only
a crude measure of exposure, partly because many
fibers are cleared from the lungs and others fragment
to increasingly smalier particles with time.

Macrophages are a key element in the response of
the host to asbestos. Whereas these cells phagocytize
short fibers and remove them from the airwavs, they
cannot encompass and transport the longer fibers. Al-
though retention of these long fibers in the distal air-
ways appears to be an important consideration in the
causation of pulmonary fibrosis.'*>® the pathogenesis
of the lesion is not understood. Incomplete phagocyto-
sis of asbestos fibers in the airways could result in
spillage of lysosomal enzymes*? and release of soluble
fibrogenic factors from macrophages.*’ On the other
hand, oxvgen free radicals liberated bv macrophages
and other inflammatory cells might also injure lung
tissue. This idea is supported by our observations that
superoxide dismutase, an inhibitor of biologic oxi-
dants, protects cultured respiratory epithelial cells
from the cytotoxic effects of chrysotile (Mossman BT,
Landesman JM: unpublished data). Chrvsotile is cy-
totoxic in vitro presumably because the magnesium of
the fibers interacts with the plasmalemma and dam-
ages it, along with lysosomal membranes of cells.****
[t is unclear whether this is an important mechanism
of tissue injury, however, since pulmonary macro-
phages and cpithelial cells in the lungs of animals ex-
posed 10 acrosolized chrysotile fail to reveal ultrastruc-
tural evidence of injury.'%'?

Other biologic phenomena may prove important in
the causation of pulmonary fibrosis. Asbestos activates
complement by the alternative pathway* — a reac-
tion that may be expected to result in the accumulation
of leukocytes in the tissue and the release of lvsosomal
enzyvmes. This observation is consistent with the find-
ing of an acute inflammatory response in some early
lesions.***’ Finally. consideration must be given 1o the
possibility that asbestos stimulates the production of
collagen by cells. When chrysotile is added 1o cultures
of fibroblasts in vitro, the cells elaborate reticulin and
collagen at an accelerated rate. %%

Although the hypothetical mechanisms mentioned
above could account for the deposition of fibrous tissue
in the lungs. the pathogenesis of asbestosis in human
beings remains to be established. The question may be
moot. however, since modern environmental controls
have dramatically reduced exposure in the work place.
The dust concentrations permitted by current regula-
tions will probably not induce substantial pulmonary
fibrosis during the lifetime of an industrial worker.

Pleurai Lesions

Plaques are curious lesions made up of hyalinized
fibrous tissue locatcd on the parietal pleura of the tho-
rax, diaphragm, mediastinum, and periurdium.”"'
They are usually but not invariably associated with
exposure 10 asbestos.?® Although the occurrence of
plaques correlates with the duration and intensity of
exposure, it is common to find lesions in the absence of
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obvious disease of the pulmonary parenchyma. Thus.
relatively smail amounts of dust can induce the devel-
opment of plaques. These benign lesions do not appear
to develop into malignant mesotheliomas.

Characteristically, plaques are located in the inter-
costal spaces on the anterior and posterior lateral as-
pects of the thorax and on the dome of the diaphragm
at sites where the visceral and parietal pleuras ap-
proximate during respiratory excursions. The config-
uration of the plaques is highly variable. For example,
on the chest wall they usually follow the contour of the
rib, whereas on the diaphragm they are customarily
either disk-shaped or geomerrically shaped and havea
nodular surface. Over time the lesions become calci-
fied. permitting easy recognition on x-ray films. Al-
though most of the available epidemiologic informa-
tion is based on radiologic surveys, 323 it is not always
clearin published reports whether plaques were differ-
enuated from the fibrous lesions of the visceral plcura
that accompany pulmonary asbestosis.

Since plaques are found most often in persons ex-
posed occupationally to asbestos for extended peri.
ods, > their overall prevalence in the United States
is low. In Eastern Europe and Asia Minor the lesions
are frequently found in older members of the general

population who lack documented exposure to asbes- -

tos. The presence of fibrous minerals in soil and in
local construction materials mav account for. the
common occurrence of pleural plaques in these re-
gions. 38 ,

Malignant mesotheliomas of the pleural and perito-
neal cavities are considered pathognomonic of expo-
sure to asbestos. although in many patients a history of
contact with the mineral cannot be elicited.®?%* These
rare tumors are of particular concern from a public-
health standpoint because they are thought to occur in
persons who have had either transient or indirect ex-
posure 0 asbestos.5%* The development of mesothe-
liomas as a consequence of casual exposure. however.
is =i uncommon event. On the other hand, the preva-
lence of the tumor in workers who have had heavy
exposure over extended periods is about 2 to 3 per cent
and has been reported to approach 10 per cent. %4 I
is difficult to determine how often mesotheliomas actu-
ally occur. because the latency period is usually 20
vears or longer and can often be as long as 40 w0 30
vears. Some suggest that an epidemic of mesothelio-
mas will appear in the late decades of this ceatury,
consequent to the exposure of large numbers of work-
ers during World War [I.

The pathogenesis of the pleural lesions associated
with exposure to asbestos is not known, but it is a topic
of considerable contemporary interest. Fibrosis of the
visceral pleura. plaques of the parietal pleura, and
mesothclioma probably develop by different mecha-
nisms, although a rigorous defense of this conclusion
would be difficult. As mentioned above, asbestos is
deposited preferentially in the periphery of the lung
~fier inhalation. It penetrates the visceral pleura and is

Tied in the pulmonary lymphatics to the pleural
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surface. One is tempted to attribute the fibrous lesions
on the visceral pleura to irritation by the physical pres-
ence of fibers on or near the surface. This mechanism
might also explain the occurrence of plaques in the
parietal pleura. Alternatively, the lesions may repre-
sent an organized fibrinous exudate resulting from the
physical movement of the lungs against the pleural
surface of the thorax.

However, these hypotheses are no« fully consistent
with the pathological observations. For example,
plaques are often found without fibrosis of the visceral
pleura or adhesions between the pleural surfaces. In
addition, the lesions are localized and do not occur in
the apexes or in the costophrenic angles. The patho-
genesis of the lesions cannot be defined at present, in
part because plaques occur only in human beings and
experimental models have not been developed.

Experimental studies by Stanton et al.”®’! provide
an intriguing basis for speculation about the patho-
genesis of mesothelioma. The dimensions of the fiber,
but not the chemical composition, were found to be the
critical determinant affecting the development of tu-
mors in rats. Long, thin fibers of a variety of
proved carcinogenic when introduced into the pleural
space, whereas short fibers and those with a reladvely
broad diameter failed to induce mesotheliomas. These
findings are consistent with epidemiologic observa-
tions documenting the relarively common occurrence
of tumors in populations exposed to grades of crocido-
lite consisting predominantly of long, thin fibers and
the rarity of tumors in persons exposed to the com-
paratively blunt, shorter fibers of amosite and antho-
phyllite.®*7™ 4 fibrous zeolite, erionite, has recently
been associated with the occurrence of pleural fibrosis
and mesothelioma in a rural area of Turkey where
commercial mining of asbestos does not occur.®! Since
the fibers of this mineral do not possess the chemical
properties of asbestos but are morphologically similar
to crocidolite fibers, the observation is consistent with
the expenimental findings of Stanton and his associ-
ates. 0!

The basis for the development of mesotheliomas in
the peritoneum is uncertain. Presumably, fibers of as-
bestos in the lungs are transported in lymphatics to the
abdomen, where they have been recovered from lymph
nodes and other organs. >’ Asbestos is also transport-
ed across the mucosa of the gut after ingestion.”™®
Whatever the mechanism for entry of asbestos into the
abdomen, it is assumed that the pathogenesis of the
tumors in the peritoneal and pleural cavities is similar.
Peritoneal mesotheliomas occur only in persons ex-
posed to amphibole asbestos. The gradual disintegra-
tion of chrysotile in tissue may account for the relative-
ly uncommon occurrence of mesotheliomas of both the
pleural and peritoneal cavities in persons exposed ex-
clusively to chrysotile.”

The mechanism of malignant transformation of
mesothelial tssues is obscure. Surprisingly little ex-
perimental information has accumulated, although
there is reason 10 believe that the lesions may be com-
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parable to the foreign-body sarcomas induced subcu-
tancousiy in- animals by sheets of plastic, glass, and
metal. The cell of origin is not certain, since some
tumors are made up of malignant serosal cells, where-
as others have the histologic features of fibrosarcoma.
Mesothelial cells phagocvtize asbestos® and prolifer-
ate when exposed to asbestos in vitro,*! but malignant
transformauon has not been demonstrated after expo-
sure of cultured mesothelial cells 1o asbestos. Cocar-
cinogenic substances and cigarette smoke do not ap-
pear to be pathogenetic factors in vivo.

Bronchogenic Carcinome

Epidemiologic studies have documented an associ-
ation between bronchogenic carcinoma and occupa-
tional exposure to asbestos.*?? The prevalence of tw-
mors is higher in persons working with the finished
products (such as insulators) than in miners and mill-
ers. The severity of the pulmonary parenchymal fibro-
sis correlates with an increase in the number of neo-
plasms.®® However, the incidence of tumors is also
increased in asbestos workers who lack radiologic evi-
dence of asbestosis.

Some controversy exists over the most common his-
tologic type of tumor. but among persons with asbesto-
sis, adenocarcinomas predominate.’®? The lesions
tend to occur more {requently in the lower lobes in
conjunction with severe degrees of fibrosis.® Atypical
hyvperplasia of bronchiolar epithelium and multifocal
adenocarcinomas are often found in these sites.

A linear dose-response relation between the cumula-
tive dosage of asbestos and the development of bron-
chogenic carcinoma has been re‘ported in miners and
millers of chrvsotile in Canada® and factory workers
in the United Kingdom." In the former study, thosc at
greatest risk were exposed to concentrations of asbes-
tos in the air that were higher than the current regula-
tions of the United States Occupational Safery and
Health Administration permit. A higher carcinogenic
potential for crocidolite than for chrysotile has been
suggested by studies of occupational groups exposed to
cither type of asbestos or to the two in combination.”
Monality among chrysotile workers is increased 2.4-
fold, whereas it is five times higher than normal among
miners of both chrysotile and crocidolite.

Surveys of the smoking habits of insulators,” fac-
tory workers.?*?* and miners and millers™ have con-
sistently shown that bronchogenic carcinoma is un-
common in those who do not smoke. Whereas there is
only a slight increase in the prevalence of lung cancer
among nonsmokers, heavy users of cigarertes (those
smoking more than 20 per day) have an 80-fold to 90-
fold greater predisposition to cancer of the lung 3%
Thus, the combined effects of asbestos and smoking
appear to be multiplicative rather than additive.”’

What is the mechanism of asbestos-induced carcino-
genesis in the respiratory tract’ A consideration of
contemporary concepts of neoplastic transformation is
appropriate in developing an answer to this question.
As initially recognized by Berenblum, carcinogenesis
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is a sequence of events that can be divided into steps of
initiation and promotion.*® An initator interacts with
the DNA of the target cell — an event that can result
in malignant change. The carcinogen cither acts di-
rectly with the DNA of the cell or requires metabolic
activation by cellular enzymes. A promoter is general-
ly neither mutagenic nor carcinogenic, although it is
required if the neoplasm is to develop. For example, if
the skin of 2 mouse is painted with a small amount of a
chemical carcinogen, such as a polycyclic aromatic
hvdrocarbon, tumors fail 1o develop unless a phorbol
ester is subsequently applied to the site. Promoting
substances cause cellular division and proliferaton as
well as biochemical changes in the cell that appear
be essential for neoplastic transformation.”

Although epidemiologic data link exposure to asbes-
tos with bronchogenic carcinoma in human beingg, the
precise role of the mineral in the process has vet to be
defined. Since asbestos is not a potent mutagen'® and
inconsistently causes chromosomal aberrations in
cells,'%*1%3 3 mode of action comparable to that of a
classic chemical carcinogen is unlikely. It therefore
seems more plausible to suggest that asbestos increases
the susceptibility of epithelial cells of the bronchi and
their branches to transformation by carcinogens in the
environment.

What biologic mechanisms account for the synergis-
tic carcinogenic effects of asbestos and cigarette smoke -

in the respiratory tract? A plausible hypothetical con-’

struct should be consistent with the apparent lack of a
threshold in human beings and the occurrence of neo-
plasms in the absence of appreciable degrees of puimo-
nary asbestosis.

Asbestos has many of the properties of classic tumor
promoters, such as the phorbol esters.'™ Proliferation
and squamous metaplasia are induced in the respira-
tory mucosa of rodents in vitro.'%® Asbestos interacts
with the membranes of ceils'*'%" and induces the syn-
thesis of the polvamines that accompany cell divi-
sion.'% Since cigarette smoke also contains a host of
substances with promoter effects, the inhalants may
act in either an additive or a synergistic fashion to
enhance the susceptibiliry of the respiratory mucosa to
carcinogens.

However, alternative mechanisms are worthy of
consideration. Asbestos can be phagocytized by the
bronchial epithelium and can be transported intracel-
lularly both free in the cytoplasm and in phagolyso-
somes.? These fibers may serve as a physical carrier of
the carcinogens in cigarette smoke to the basal cell, the
presumptive progenitor of the ncoplasms. Transfer of
polyevclic aromatic hydrocarbons to and through bio-
logic membranes occurs promptly and efficiently when
the hydrocarbon is adsorbed to asbestos.'® There-
after, the hvdrocarbons are converted by microsomal
mixed-function oxidases to biologically active epox-
ides and diolepoxides, which can interact with the
DNA of basal cells.''® Another (but less attractive)
hvpothesis involves the alveolar macrophage, which
phagocytizes asbestos in the airways and posscsses the

DOW 06690

= v

"5 ..

v mer - vea

TP B Ve B — cor oy

ennilco .
OV L S e T

,
SO S |




1432 THE NEW ENGLAND JOURNAL OF MEDICINE

enzymatic capacity to convert polvevelic hvdrocar-
bons to active metabolites.!'! At present. the mecha-
nism of asbestos-associated carcinogenesis is unclear.
although the mineral appears to act like a classic
tumor promoter. The fibrous nature of asbestos is criti-
cal. since exposure to nonfibrous oxides of silicon (for
cxample, quarz) and a variery of silicates is not associ-
ated with an increased risk of bronchogenic carcinoma
in human beings. :

Cancers of the Digestive System and Other Organs

Asbestos is implicated in the causation of cancer in
the ueper and lower gastrointestinal tract and the kid-
nev.!'**!!3 Oropharyngeal and esophageal tumors oc-
cur more frequently in asbestos workers who smoke.
whercas a dircct relation between smoking and the
development of carcinoma of the large intestine and
the kidney has not been established.

Selikoff and Hammond''* and Elmes and Simp-
son'!? have reported a s:atistically significant twofold
to threefold increase in the prevalence of tumors of the
digestive tract in insulators, factory workers, and ship-
vard emplovees. Other surveys have either demon-
strated a smaller increase or failed to establish an asso-
ciation between exposure to asbestos and neoplasms in
this system.!'® We believe that the evidence must be
assessed cautiously because the associations thus far
reported are relatively weak. Since death certificates
are used to obtain data in most studies. it is possible
that peritoneal mesotheliomas have been confused
with metastatic carcinomas of gastrointestinal-tract

origin.

'?he general population is exposed to small amounis
of asbestos in drinking water, beverages. food, drugs,
and agricultural products. Potable water often con-
tains mineral fibers that are presumably derived from
geologic deposits and refuse dumps. The finding of
fibers of amphibole asbestos in the drinking water of
Duluth, Minn., resulting from the disposal of taconite
wailings into Lake Superior,!'’ prompted investiga-
tions to determine the concentration and characteris-
tics of mineral fibers in water supplies throughout the
United States. Fibers with the properties of both ser-
pentine and amphibole asbestos were found in over
half the samples of water studied (Table 2). Thus.

Tapte 2. Concentrations of Asbestos-Like Mineral Fibers in
the Water Suppiies of Selectad Dut Representstive Commu-
nities in the United States.®

Crey Conciwraanin
s of fbers 25 am/lner

Allanus 538
Boston n
Ouinth .7
Dailas [ ]
K. City, Mo. 0.0
Sew York [}
Phiiadelphia 16.98
San Francisco 0.60
Seattie 0.85

*Prepired irom Tavie £-2 i Levne *

June |7, 1982

many Americans consume water containing asbestos-
like minerals.

Mineral fibers have been detected in the urine of
residents of Duluth in numbers corresponding 1o the
concentration of asbestos in drinking water.'' Inter-
estingly enough. fibers have been found in the glomer-
uli and tubules of rats exposed in inhalation chambers
to synthetic fibers.''? These observations suggest that
asbestos migrates to the kidney after clearance from
both the gastrointestinal and respiratory tracts.
Whether this has an influence on the occurrence of
tumors in the gastrointestinal tract is unknown.

When fed to laboratory animals. asbestos interacts
with the mucosa of the gut.’”® Fibers enter cells of the
mucosa and prove cytotoxic.'™® The experimental evi-
dence strongly suggests that ingested asbestos is dis-
seminated to abdominal organs by the lymphatics and
blood vessels. This conclusion is supported by post-
mortem studies of occupationally exposed persons:
these studies have demonstrated asbestos bodies and
uncoated fibers in most major organs.’

How does the ingestion of asbestos induce gastroin-
testinal carcinomas in human beings? In efforts 1o ad-
dress this question. rodents were fed large amounts of
asbestos over extended periods. \With one exception, '?!
these studies failed 1o demonstrate an increase in the
prevalence of tumors in the gut.'?'?* The possible
svnergistic effects of asbestos on the induction of intes-
tinal neoplasms by chemical carcinogens has also been
cxamined.'*® Intragastric administradion of asbestos
failed 10 augment tumor development in rodenrs fed
azooxymethane. a recognized intestinal carcinogen.

The carcinogenic potential of asbestos in the gastro-
intestinal tract appears to be low. The pathogenetic
basis for the purported increase in the prevalence of
carcinomas in certain occupational groups remains to
be established.

PaTHOGENIC POTENTIAL OF AssesTOs Tyres

As emphasized above, asbestos is not one but a fam-
ily of fibrous minerals, each of which has distinctive
physical and chemical characteristics. Minerals from
various parts of the world and geologic formations
often have dissimilar physical properties, even though
they are classified under a specific mineralogic rvpe.
These differences are relevant 10 our understanding of
the effects of asbestos on health, since the characteris-
tics of the fiber have been fully defined in only a few
epidemiologic and experimental studies. The problem
of evaluating the effects of different types of asbestos on
health is compounded by the common practice of cus-
tom blending of various minerals for specific industrial
applications and the use of one tvpe and then another,
depending on availability and conditions of the
market.

Since the serpentine chrysotile is used extensively in
industry today, it is important to ask whether its
pathogenic importance is comparable to that of the
amphiboles crocidolite and amosite. These latter min-
erals are of historical importance, particularly since
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they were used widely during and immediately after
Worid War 1] and are probably responsible for a sub-
stantial proportion of the disease occurring 1oday.

Much current debate centers around the question of
whether all types of asbesios possess the capacty to
induce mesothelioma. Experiments in animals vield an
affirmative answer, but the results of this work may not
be applicable to human beings, since pathogenic po-
tential and intrapulmonary transport of fibers are in-
dependent considerations. Of all the types, crocidolite
is clearly the most strongly associated with the occur-
rence of the tumor. But there are interesting differ-
ences in prevalence, related 10 the physical character
of this fiber type. For example. in Northwest Cape,
South Africa, and western Australia, mesotheliomas
occur commonly in persons with occupational or casu-
al exposure to crocidolite. The mineral mined in
these regions is composed of relatively long. thin fibers.
In contrast. mesotheliomas are rare in the Transvaal
of South Africa, where the crocidolite fibers are much
coarser. ¢

Another amphibole, amosite, is associated sporadi-
cally with mesothelioma, whereas the tumor rarely if
ever occurs in workers exposed to anthophyllite. Both
these latter 1ypes are made up of relatively short. blunt
fibers. A number of studies have been conducted in
miners and millers in Quebec and Itualy, where the
scrpentine chrysotile is extracted.’*!?® Although the
results are debated, the bulk of the evidence indicates

that chrysotile is not an important cause of mesotheli-

oma in these workers.

However, the data from cerain occupational
groups, such as workers in the textile indusuy and
insulators who are exposed predominantly but not ex-
clusively to chrysotile, are not as definitive. The risk
appears to increase as the mineral is processed or when
dust concentrations cannot be evaluated critically.
Unfortunately, most epidemiologic studies concerned
with this important question are clouded by uncertain-
tv because of the prolonged latency period of mesothe-
liomas. Considerable eflort has focused on determin-
ing whether the various types of asbestos differ in their
capaciry to induce bronchogenic carcinoma and fibro-
sis of the lung. Unfortunacely, there is no good answer
to these questions at present, since dose-related differ-
ences in the prevalence of discase have pot been estab-
lished. '

Recuratory CONSIDERATIONS

No topic is more complex and subject to controversy
than the establishment of criteria on which 10 base
standards for air quality in the work place. Regula-
tions are exceptionally difficult to develop, becauseiitis
necessary to use data on morbidity and mortality doc-
umenting disease retrospectively in members of occu-
pational groups who have had heavy exposure cither
in the remote past or over a lifetime. The difficulties
are compounded by the long latency period of asbesto-
sis and the asbestos-associated cancers.

Although recommendations for levels of asbestos in
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the air of occupational settings in this country were
formulated in the 1940s, it was not unul 1970 that
federal regulations were promuigated as a result of the
passage of the QOccupational Safety and Heaith Act
and the Clean Air Act. The initial standard was based
on the light microscopical count of fibers of a length of
5 um, collected by mechanical means. A concentration
of five fibers per cubic centimeter of air, averaged over
an eight-hour period. was deemed permissible, with
stipulatiuns for transient excesses above that concen.
tration. In 1976 the contemporany standard of two
fibers per cubic centimeter was established. and more
recently a level of 0.3 fiber per cubic centimeter has
been proposed.

Is the current limit of two fibers per cubic centimeter
sufficiently rigorous 1o prevent disease in the future? Is
it appropriate to base regulation exclusively on deter-
minations of fibers of >5 um when the bulk of the
dust in air consists of fibers of a shorter length? Be-
cause standards are based on extrapolations from dawa
accumulated among workers exposed to relatively
heavy concentrations of dust in the past, predictions
must be based on analvses that assume that there are
no thresholds below which the disease fails 1o occur.
Within the ranges usuaily found in the occupational
setting, there appears to be linearnity in the dose-re-
sponse relation, at least with regard to bronchogenic
carcinoma. However, the likelihood that cancer will,
occur is influenced substantially by cigareue smoking,
since the risk in the nonsmoker who has heavy expo-
sure to asbestos is increased only a few {old. Thus, the
risk for the nonsmoking asbestos worker is substantial-
ly lower than the risk for a member of the general
population who smokes two or three packs of cigarettes
each day.

The conclusion that asbestosis fails 1o develop below
a certain threshold dosage is bascd on physical exami-
nations and radiologic studies of workers and not en
pathological examinations. By these criteria, it is prob-
ably impossible 10 be certain whether a fibrotic lesion
in the lung is due to asbestos. With mesothelioma, the
data are more controversial. Although a dose-response
relation appears to exist, the threshold may be deter-
mined by the life span of the person exposed, because
the latency peniod for these tumors is protracied. Since
the problem cannot be answered with contemporary
epidemiologic and experimental approaches, it must
be resolved by practical rather than theoretical consid-
erations.
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EXPOSURE TO ASBESTOS AND
HUMAN DISEASE

During the past two decades. ill health resulting
from exposure to asbestos has been the subject of in-
tensive observation and research' — probably more
intensive than research on any other environmental
agent.? In the most direct target organ, the lung, and
in its pleural coverings, there is a wide spectrum of
response after exposure; not only acute and chronic
inflammatorv diseases but also cancer of these organs
may occur. Research has been stimulated by the belief
that the more complete our undersianding of the
mechanisms of pathogenesis, the better will be our
ability to control the continued use of this mineral in
today’s complex technologic worid.?

The review by Craighead and Mossman of the
pathogenesis of asbestos-related diseases in this issue
of the Journal.* which covers recent work in cell biol-
ogy, is set in the context of pathology but also discusses
the use of these minerals and regulatory consider-
ations; it complements other recent reviews of the epi-
demiology of these discases,® their impact on public
health.® and current clinical issues.” Also important is
a recent report that provides criteria for grading the
pathologic changes in the lungs associated with asbes-
tos exposure.® Systematization of pathological assess-

ments can only enhance the pooling of experience from

different ceniers or countries by maximizing the com-
parability of studies. The international classification of
radiographs of pneumoconiosis® by the International
Labour Office is an example of such systematization,
and the dividends associated with its use are generally
recognized.

Perhaps the major contribution of the review by

Craighcad and Mossman (and this may surprise read- -

ers not familiar with the field) is the emphasis placed
on the shortcomings of our present knowledge of the
pathogenesis of asbestos-related disease. Considering
first the fate of inhaled fibers in the lung, it is now
evident that the dust burden of the lung is primarily in
the form of uncoated asbestos particles.* whether .or
not these conform to the definition of a fiber (i.c., a
particle with a length-to-width ratio of 3:1). This defi-
nition probably originated rather arbitrarily from a
need to standardize what was considered a fiber for
purposes-of industrial hygiene®; it is now widely be-
lieved that a much higher ratio. perhaps 10:1, would
have been a beuter choice. Both fiber length'® and
mineralogic type'' are imporiant determinants of
whether a fiber becomes coated and so takes on the
familiar appearance of the asbestos body. Most asbes-
tos bodies found in human lungs contain an amphibole
fiber as a core,!! even though chrysotile accounts for
the greatest use and presumably the most exposure.’
What permits some particles to lie apparently dormant
in the lungs for long periods before evoking an organ
responsc is not known. antd there is no good explana-
tion for the fact that all the disease consequent to as-
bestos exposure (including fibrosis of the lungs and
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pleura as well as cancer of these organs) may appear
long after exposure has ceased.

Fibrosis of the lung {asbestosis) was recognized by
the firstdecade of this century and has been the subject
of much rescarch in animal models. Nevertheless,
Craighead and Mossman conclude that the patho-
genesis of asbestosis remains 10 be established,* as
does the importance of exposure dose as compared
with individual “susceptibility” in the initiation and
the progression of the fibrotic reaction. The finding of
an acute inflammatory response in some early human
lesions* raises the issue of whether there is a reversible
component to the acute response in human beings. as
suggested by work in animals.'? Long-term studies in
sheep'? may help to answer this question. As for
whether asbestos acts as an initiator or as a promoter
of lung cancer, the authors of the review* favor the
latter view; perhaps particles act as physical carriers of
other cnvironmental carcinogens to the basal epithe-
lial cells. [t is also possible that more than one mecha-
nism is involved.’ .

There is perhaps even more uncertincy about the
pathogenesis of pleural reactions than there is about
parenchvmal icsions. For instance, it is not clear how
often acute exudadve reactions, such as effusions (pre-
sumably usually clinically silent), precede the more
chronic diffuse or localized fibrotic reactions of visceral
or parietal pleura. It is also unclear how fibers reach
the parietal pleura and concentrate there in such a way
as to evoke plaque production after a long delay while
leaving the visceral pleura intact; an adequate hypoth-
esis for the pathogenesis of Pleunl plaques is needed to
explain all these features.’* Perhaps even more puz-
zling is what determines whether the pleural reaction
will be benign or malignant. Not all would agree with
the view expressed in the article* that malignant
mesotheliomas are pathognomonic of asbestos expo-
sure: these tumors were described by European pa-
tholdgists in the 19th century — long before major
commercial exploration of the asbestos minerals's —
and there is little evidence even todav that asbestos is
responsible for many cases in men or women ouside
industrial centers.d'® What are described in the pres-
ent review as “casual” exposures (i.e., usually domes-
tic or neighborhood) are exposures that are intermit-
tent but have often turned out to be to very heavy dust
clouds of fine particles.?

In spite of considerable current interest in the
topic.’ the issue of whether asbestos exposure is associ-
ated with airway abnormalities is not addressed by
Craighead and Mossman. The involvement of small
airwavs in the early stages of asbestos-related lung
fibrosis has in all likelihood its clinical counterpart,
although there is no evidence about whether these ab-
normalities arc reversible or not. The association be-
tween asbestos exposure and other forms of airway
response, such as bronchitis or emphysema in the ab-
sence of ashestosis, also remains to be clarified, as do
the confounding effects of cigarerte smoking.

Finally, there is the question of whether there are
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differences in the pathogenic potential of the various
fibers in this mineral group. Of particular concemn is
whether chrysotile (which has accounted for over 90
per cent of commercial uses during the past several
decades) differs from the two amphibole fibers, crocid-
olite and amosite. which were used extensively during
World War II and in the postwar building boom. The
issue has been bedeviled by problems of comparing
like with like.® by the difficulty of sorting out the rela-
tive contributions of exposure (duration, level, and
particle size) and fiber type. and by the differences
between exposure in the mining and milling of fiber
and the secondary application of fibers in manufactur-
ing. Thus, although it is clear that the rates of mesothe-
lioma are different in different exposed populations. it
has usually not been possible 1o assess the extent to
which these differences are due to fiber type or 10 other
factors. Some clarification has come from the applica-
tion of modern methods of lung-dust analysis to autop-

sy material. In two case-control studies of mesotheli- .

oma, an excess of amphiboles (amosite in North
America and crocidolite in the United Kingdom) was
found in the lungs of the cases, whereas chrvsotile
contents were similar in cases and controls.*" [n a
study of chrysotile miners in Quebec, almost as much
tremolite (an amphibole contaminating some of the
mined rock deposits) was found in the lungs as chrvso-

_ tile, although the latter was clearly the main environ-

mental contaminant.!’ These results are consistent
with what has long been believed on the basis of more
tenuous evidence — that there is preferential clear.
ance of chrysotile, as compared with amphibole fibers,
from body tissues and that this may contribute to the
differences in the pathogenic potential of the mincrals.

Epidemiologic evidence g a fiber gradient in
pathogenic potential is strongest for mesothelioma,
with aocidolite more strongly implicated than chryso-
tile, and amosite probably in between. The evidence is
also reasonably strong for lung cancer, with crocidolite
again more strongly implicated than chrysotile. For
pleural reactions (pleural plaques and fibrosis), there
may also be a fiber gradient. although other factors are
almost ceruainly involved: for parenchvmal fibrosis the
evidence for a fiber gradient is minimal. At present itis
believed that the biologic activity of asbestos particies
relates 1o the degree of penetration and the amount of
deposition in the lower respiratory tract, both of which
depend mainly on their phvsical characteristics, in-
cluding their aerodynamic properties. Particle size
(and particularly length and fineness) may also deter-
mine oncogenicity. However, biologic activity is likely
to be modified by the length of time that particles
survive in the lung without denaturing, which may be
related to their chemical characteristics. The most
plausible explanation for differences in the pathogenic
potential of various fibers is that these differences re-
sult from differences in both the physical and chemical
properties of the fibers.

What is the clinical importance of the issues raised
by the review in the journal? Perhaps the most impor-
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tant is that health risks in relation 1o exposure to asbes-
tos vary according to environmental factors. Some of
these factors (such as exposure dose, particle size. and
fiber type) are known, but there are undoubtedly oth-
ers not vet recognized. Host characteristics probably
also influence the response to expasure. Thus. in con-
sidering the individual patient with a disease known 10
be related 1o asbestos exposure, the wise clinician
should avoid regarding any particular exposure as 00
short, too remote, or at too low a leve] (even if environ-
mental counts were in compliance with the present
regulations) to have accounted lor the disease. Assess-
ment of the importance of particular environmental
exposures is often outside the clinician’s expertise; it
should be referred 10 appropriate consultants in indus-
trial hygiene, engineering, or physics. In lung cancer
the staustical probability that a given case is atrribut-
able to asbestos expasure may be estimated from expo-
sure-response data,'® which for practical purposes can
probably be assumed to be linear, provided that the
data available are applicable to the indusuy in which
the subject was emploved. Finally, the unpredictable
clinical course of these diseases demands vigilance by
the clinician with respect to past exposures, and the
most powerful indicator remains zhe careful, complete,
and precise occupational hmory
Whether the dust concentratons permitted by cur-
rent regulations will in fact eliminate the future ruk of
asbestosis, as Craighead and Mossman suggesl, re-
mains to be established. Similar suggestions in the
1930s proved to be premature. Evaluation of the im-
pact of present controls on health issues is an urgent
matter for research. Furthermore, a total ban on use
seems unlikely in technologic sociedes,® in which it
mav be considered preferable to retain these versatile
minerals for certain uses. Until it is established that
asbestos substitutes do not carry health risks,'? re-
search into the mechanisms by which asbestos paru-
cles produce ill health should be vigorously pursued.
Meneral. G HiA 204
| " Marcarer R. Beextaxz, M.D.
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SOUNDING BOARDS
AFTER LAETRILE, WHAT?

Lagrnirs was moribund before Moertel et al. laid it
to rest with the recent report of their prospective clini-
cal trial.!? It had been replaced in popularity by an

approach unusual in the annals of unorthodox cancer *

therapy — one that represents more of a challenge
than did Laetrile or its predecessors. This is the “natu-
ral” approach to malignanc discase, which emphasizes
cure through purification and the body's capacity to
heal itself. The currently popular alternative approach
is rooted in homeopathic and naturopathic beliefs,
Indian and Oriental philosophy, and 19th-century
theories of- intestinal putrefaction. Promoters often
evoke the time-worn conspiracy dogma, which states
that the medical system, the Food and Drug Adminis-
tration, and the federal government withhold true
cures from the public, thereby perpetuating therapeu-

“tically useless and biologically harmful cancer treat-

ments in order to further the Establishment's econom-
ic interests.>*

Alternative cancer therapies in vogue today differ
importandy from Laetrile and from other unproved
remedies of the past. Previous unorthodox treatments
were “medicines” or at least “medicinal.” Examples
were Dr. Bye's Combination Oil Cure, Dr. Chamlee's
remedy for removing cancer viruses from the blood,
Dr. Leach's Cancerol, Dr. Koch's glyoxylide, and
many others that attained great prominence in their
day.’ They came in ampules, vials, or syTinges, mim-
icking standard medications, and they were sold and
administered in the usual clinical fashion by people in
white coats.

Today's alternative remedies explicitly reject associ-
ation with standard treatments, environments, and
paraphernalia. These are anti-medicines, emphasizing
purificacion through dietary regimens, detoxification
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