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Fiber Carcinogenesis: Is Asbestos the Only Hazard?
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estimate indicates that, in the pleura of the rat, durable
fibers <3y in diameter and >20g in lencth are far
nmore carcinogenic than cither fibers of varions lengths
with diameters >3 u or fibers with diameters < 3u and
lengths <20u. Some of our preluninary data indicate
that exceptionally long glass fibers with diameiers
< 0.5u arc highly carc nogenic in the pleura of the
rat. We are now testing sized sampks of d m-u‘t
fibers of many types o hyprove our estinates ol
which dimensions are the most hazardous,

Precise parateeters need not be defined 1o appreciae
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and medications. Furthermore, air and water supnlies
are frequently contaminated with mineral fibers st
natural sot urees as we I as with pollution bv . The
prcof of men’s exposure 0 fibers lies in the fact that
fibers of a variety of types can be isolated from neavly
all human lungs.

The question raised is the risk that such fibees mav
hold currently or with the increasing use of fibers that
may occur in the future. A number of observarions
already made are perhaps relevant to this question
(7-3). I rmention here only a few, The fibreus
materials to which we are most commonly exposed
consist for the most part of particles too lares or 00
small to be considered potent carcinogens, if the
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dimcnsional ranges we have estimated in the rat are
used as criteria. For example, most insulation mate-
rials in use today, other than asbestos, are composed
largely of fibers with diameters ~>5u. Erosion and
friction wastes of asbestos and other fibrous products
are, for the most part, short fibers ot submicroscopic
size, which in rats seem far iess hazardous than fibers
in the lowest range of optical visibility. Were it net
_or these fortunate circumstarnces, the problem of fiber
carcinogenicity might be more obvious today. The
most hazardous fibers may be those of exceptional
length, with diameters of <0.5u; such fibers are near
the hmits of optical visibility and are to some extent
in nearly all fibrous materials. Our present systems of
asstssing carcinogenicity in animais can at best only
detect response to large numbers of fibers: therefore,
materials containing only a few exceptionally fine
fibers could easily escape detection as a hazard in
simply designed anmimal tests, Even with the most
sophisticated test, it would be difficult to establish an
absolute thresiold of safety, since cach small exposure
possibly adds to the total hazard and represents a
anite, albeit small; ultimate risk.

The ultimate risk of fibers is, of course, a complex
problem. In addidon to the level of exposure and
physical properties of fibers, one must take into
account factors of inherent resistance, mechanisms
of climination and containment, the properties and
onne rtunaties that enahle pﬁrtl(‘ltlm tvnes of fihers tn

“ach tissucs, and the contributions of other carcin-
ogcns such as cigarctte smoke. From owr experiences
with asbestos, it 1s apparent that fibers can be most
subtle carcinozens that deviate from simple dose-
response relationships and that require long latent
periods before showing carcinogenic activity. For these
reasons alone, it would be unwise to ignore a potential
problem of greater range than asbestos.

There is perhaps one way to determine the hazards
of fibers without waiting the many years necessary for
the effects of even massive exposure to become evident.
Unlike most carcinogens, fibers that are a threat are
sutficiently durable to remain in the tissues frora which
cancers are derived. Since carcinogenic response can

be related to doses of sized fibers in experimental
animals, it may be possible to equate the number and
size distribution of fibers in human tissues to cancer in
man. Although much has been accomplished in as-
sessing large, protein-coated fibers in human lungs,
surprisingly little has been done in assessing the size
distribution and total quantity of all fibers in human
ussues. This would be a tedious job, but it might
determine the true significance of fibers as carcinogens
in man.

Fucther; we need clues to the intimate events
between cell and fiber that lead to cancer. Not all
cells penctrated by fibers die. Conceivably these
transfixing  fibers could irreversibly alter intra-
cellular replicative processes either directly, through
activation of repressed oncogenes, through alteration
of cell membranes, or through initiation of a unique,
precancerous fibrosis. Short, fine fibers may be less
carcinogenic, situply because they are more c(fcctwdy
contained b> overt or intraccllular phagoeytic activ-

y. However, a more complex explanation is sug-
gested by recent studies showing that in vitro growth
of cells on minute glass fibers is related to the length
of the fiber (4). Whatever the mechanism of fiber
carcinogenesis 1s, I believe that the following premise
must be taken into acconnt. Durable fibers, perhaps
at the extreme ranges of dimension, cause cancer

ctrnnly heeange tl‘w‘\ and irresnective of their
gimply becanee the d irrespec of
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prcsgncg of such fibers in the environment and in the
tissues of man may well profit us all.
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