Letters to the Editor

the ideal area for these investigations, as
the three main types of asbestos were
produced in the same amounts by a
similar labor force. In an international
study, we set out to see whether the role of
crocidolite could be confirmed in other
countries. Over the years, our initial
hypothesis has held. The vast majority of
mesotheliomas are associated with expo-
sure to crocidolite asbestos. A small
number of cases have been recorded
following exposure to other forms of
amphibole asbestos: amosite, tremolite,
and anthophylite. No mesotheliomas have
been shown to have occurred in chrysotile-
exposed workers, unless the exposure has
been intense and for more than 20 years.
In addition, there must be tremolite
contamination of the chrysotile.

Two other facts are of great impor-
tance:

1. The majority of these tumors
occurred following prolonged exposure to
large quantities of fiber. This situation
rarely exists today.

2. There is a “natural” incidence of
these diffuse mesotheliomas. At least 10%
of these diffuse mesotheliomas occur
without exposure to asbestos dust, and
sporadic cases of these tumors were
reported before the widespread use of
asbestos. [

J. Christopher Wagner, MD,
FRCPath, FFOM

Correspondence should be sent to J. Chris-
topher Wagner, MD, FRCPath, FFOM, “Foxs-
tones,” 59 Coombe Valley Rd, Preston, Wey-
mouth, Dorset, DT3 6NL England.
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2. Stayner and Colleagues
Respond

We thank Dr Wagner for his com-
ments regarding our paper.! We do not

believe our article misrepresented the
evidence for an association between
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mesothelioma and asbestos exposure. We
agree with Dr Wagner’s main point, which
is that the incidence of mesothelioma is
greater in epidemiologic studies of work-
ers exposed to crocidolite than either
chrysotile or amosite, and recognized this
fact in our paper. Interpretation of these
epidemiologic findings is hampered by
the lack of control for potential differ-
ences in exposure levels and fiber dimen-
sions.

Nonetheless, ample evidence sug-
gests that exposure to chrysotile is a risk
factor for mesothelioma. As we reviewed
in our paper, numerous cases of mesothe-
lioma have been reported in several
studies of workers exposed to chrysotile.
In fact, Dr Wagner recognized in his early
papers?3 that there were cases of mesothe-
lioma in South Africa and Britain whose
only known exposure was to chrysotile
asbestos. Toxicologic studies, some of
which were conducted by Dr Wagner,*
also demonstrate an increase in mesothe-
liomas among animals exposed to chryso-
tile.

Dr Wagner suggests mesotheliomas
occur in chrysotile-exposed workers only
when there is tremolite contamination.
While this statement is technically cor-
rect, it is virtually uninformative. Contami-
nation by small percentages (<1%) of
tremolite has been present in all of the
reported epidemiologic studies of chryso-
tile-exposed workers. Unfortunately, stud-
ies of workers exposed to pure chrysotile
have yet to be reported. In addition, this
issue may be viewed as academic since
workers are exposed to a mixture of fiber
types and to commercial chrysotile con-
taining tremolite.

A key point of our paper is that
irrespective of mesothelioma, exposure to
chrysotile asbestos should be viewed as a
significant carcinogenic hazard. There is
no serious disagreement in the scientific
community that chrysotile asbestos expo-
sure is causally associated with lung
cancer and appears to be as potent a lung
carcinogen as crocidolite or other forms of
asbestos. The excess of lung cancer is
generally far larger than the excess of
mesothelioma in most epidemiologic stud-
ies of asbestos-exposed workers, a fact
recognized in a recent review by Dr
Wagner.

Dr Wagner suggested that our paper
and the accompanying editorial may have
“confused readers.” We hope that this
letter will help to clarify any remaining
confusion about exposure to chrysotile

asbestos. Such exposure should be re-

garded as a serious potential public health
hazard. [J

Leslie T. Stayner, PhD

David A. Dankovic, PhD

Richard A. Lemen, PhD

Leslie T. Stayner and David A. Dankovic are
with the National Institute for Occupational
Safety and Health, Cincinnati, Ohio. Richard A.
Lemen is the assistant surgeon general [retired],
Atlanta, Ga.

Requests for reprints should be sent to
Leslie T. Stayner, PhD, National Institute for
Occupational Safety and Health, Robert A. Taft
Laboratories, 4676 Columbia Pkwy—Mailstop
C15, Cincinnati, OH 45226-1998.
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3. The Amphibole Hypothesis:
Neither Gone nor Forgotten

Stayner et al.! and Cullen? failed to
present the amphibole hypothesis in a
developmental context that lent credence
to their assertions that the hypothesis
lacked scientific merit. Both indicated that
chrysotile may be less potent than some
amphibole asbestos minerals in causing
mesothelioma. For crocidolite, the evi-
dence is well beyond maybe. In 1964,
Wagner® reported on a series of 120
mesotheliomas in the Republic of South
Africa, (where the three major commer-
cial asbestos fiber types—crocidolite,
amosite, and chrysotile—were mined and
milled). One hundred cases occurred in
individuals exposed to the crocidolite
mined and milled in the Cape Province;
10 cases occurred in industrial workers (9
exposed to crocidolite); 1 mesothelioma
followed chrysotile exposure in Swazi-
land; and none followed exposure to
amosite in the Transvaal. No exposure
data are available for the remaining cases.
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The geographic distribution of the meso-
theliomas followed the original descrip-
tion of the disease in and around Kuru-
man.* The crocidolite hypothesis was
introduced into the United States by
Wagner at a meeting of the New York
Academy of Sciences in 1964, and his
assertions were supported by the clinical
observations of Sluis-Cremer.

In 1978, Webster reported on 712
mesothelioma cases confirmed by the
South African Tumor Reference Pane.® Of
these cases, 127 were associated with the
mining and milling of asbestos. The
pattern remained consistent with Wag-
ner’s earlier observations. Further, of 100
mesothelioma cases known to have oc-
curred after environmental exposure, 93
were in persons who lived in and along
the Cape crocidolite field, 2 in the area of
the Pieterburg crocidolite mine and mill in
the Transvaal, and 1 case in a person who
lived within the Transvaal amosite field.
No cases of environmental mesothelioma
were known to have occurred in the
chrysolite field of Swaziland. In the
remaining 4 cases, the exposures were
either uncertain or unknown. The pattern
of disease led to the conclusion that
crocidolite was a very powerful agent in
the cause of human mesothelioma.

Other types of amphibole asbestos
have been shown to cause mesothelioma
as well. For example, 14 of 528 deaths
among 820 former employees of an
amosite asbestos factory in the United
States were due to mesothelioma and
accounted for 2.7% of the total mortality.’
Miners and millers of Montana vermicu-
lite were exposed to tremolite-actinolite
asbestos among other fibrous minerals. Of
the 165 deaths in the cohort, 4 mesothelio-
mas accounted for 2.4% of the total
mortality. This confirmed reports of meso-
thelioma following environmental expo-
sure to tremolite asbestos in Turkey,
Greece, and Cyprus (see reference 8 for a
review). As more data became available,
the amphibole hypothesis emerged from
the crocidolite hypothesis.

The activity of tremolite asbestos
brings us to the issue of chrysotile asbestos
and human mesothelioma. Among 20
cases of asbestosis from Canada, the
lung content analyses revealed the pres-
ence of a high concentration of tremolite
fibers.? Pooley hypothesized that fibrous
minerals other than chrysotile could be
agents in the induction of asbestosis.
Later, this hypothesis was extended to
include mesothelioma.!® When the am-
phibole mineral tremolite is present in a
chrysotile deposit, it is never homoge-
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neously distributed throughout the ore.
Therefore, exposure to tremolite would
be expected to range significantly over
time and among different geological
locales.!' When tremolite is present, it
may or may not possess an asbestos
habit.!2!3 This habit is crucial for impart-
ing carcinogenic potency. Tremolite as-
bestos is a human and animal carcino-
gen, while the cleavage fragment is
not.3!* The crocidolite and amphibole
hypothesis has now further evolved into
the tremolite hypothesis. While the
relative potency of chrysotile as a lung
carcinogen varies, its potency to cause
mesothelioma is consistently much less
than that of crocidolite. '3
In the title of his annotation, Cullen
stated that the amphibole hypothesis was
*“gone but not forgotten.” We believe that
he is half correct in that the hypothesis is
not forgotten. Given the strength of the
scientific evidence supporting the am-
phibole hypothesis,>!3 surely it has not
gone to wherever it is Cullen wishes it
would go. On the other hand, we would
not wish his annotation to be gone; for it
simply to be forgotten would be suffi-
cient. [J
Arthur M. Langer, PhD
Robert P. Nolan, PhD

The authors are with the Environmental Sci-
ences Laboratory, Brooklyn College of The
City University of New York, Brooklyn, NY.

Requests for reprints should be sent to
Arthur M. Langer, PhD, Environmental Sci-
ences Laboratory, Brooklyn College of The
City University of New York, Brooklyn, NY
11210.

References

1. Stayner LT, Dankovic DA, Lemen RA.
Occupational exposure to chrysotile asbes-
tos and cancer risk: a review of the
amphibole hypothesis. Am J Public Health.
1996;86:179-186.

2. Cullen MR. Annotation: The amphibole
hypothesis of asbestos-related cancer—
gone but not forgotten. Am J Public
Health. 1996;86:158-159.

3. Wagner JC. Asbestos dust exposure and
malignancy. In International Congress on
Asbestosis: Reports and Discussions Pro-
ceedings, Caen, France, 29-30 May, 1964.
Paris, France: Chambre Syndicale de
L’ Amiante; 1964:78-81. -

4. Wagner JC, Sleggs CA, Marchand P.
Diffuse pleural mesotheliomas and asbes-
tos exposure in the northwestern Cape
Province. Br J Ind Med. 1960;12:260-271.

5. Selikoff 1J, Churg J, eds. Biological effects
of asbestos. Ann N 'Y Acad Sci. 1965;132:1-
765.

6. Webster 1. Discussion: In: Glen WH, ed.
Proceedings of Asbestos Symposium. Na-
tional Institute for Metallurgy. Johannes-
burg, South Africa: National Institute for
Metallurgy; 1979: p 79.

Letters to the Editor

7. Seidman H, Selikoff 1J, Hammond EC.
Short-term asbestos work exposure and
long-term observation. Ann N Y Acad Sci.
1979;330:61-89.

8. Nolan RP, Langer AM, Oechsle GW,
Addison J, Colflesh DE. Association of
tremolite habit with biological potential:
preliminary report. In: Brown RC, Hoskins
JA, Johnson NF, eds. Mechanisms in Fibre
Carcinogenesis. New York, NY: Plenum
Press; 1991:231-251.

9. Pooley FD. An examination of the fibrous
mineral content of asbestos lung tissue
from the Canadian chrysotile mining indus-
try. Environ Res. 1976;12:281-298.

10. Churg J. Chrysotile, tremolite and malig-
nant mesothelioma in man. Chest. 1980;93:
621-628.

11. Langer AM, Nolan RP. The properties of
chrysotile asbestos as determinants of
biological activity. Accomplishments in
Oncol. 1987;1:30-51.

12. Addison J, Davies LST. Analysis of
amphibole asbestos in chrysotile and other
minerals. Ann Occup Hyg. 1990;34:159-
175.

13. Langer AM, Nolan RP, Addison J. Distin-
guishing between amphibole asbestos fi-
bers and elongate cleavage fragments of
their non-asbestos analogues. In: Brown
RC, Hoskins JA, Johnson NF, eds. Mecha-
nisms in Fibre Carcinogenesis. New York:
NY Plenum Press, 1991;253-267.

14. Davis IMG, Addison J, McIntosh C, Miller
BG, Niven K. Variations in the carcinoge-
nicity of tremolite dust samples of differing
morphology. Ann N Y Acad Sci. 1991;643:
433-498.

15. Langer AM, Nolan RP. Fiber type and
mesothelioma risk. In: Spengler JD, Oz-
kaynak H, McCarthy JF, Lee H, eds.
Symposium on Health Aspects of Exposure
to Asbestos in Buildings. Cambridge, Mass:
Harvard University, Energy and Environ-
mental Policy Center, 1989:91-140.

4. The Hypothesis Is Still
Supported by Scientists and
Scientific Data

We respond here to the errors in an
annotation by Cullen' to our Science
article,> which espouses the amphibole
hypothesis of mesothelioma. The underly-
ing foundation of the amphibole hypoth-
esis is a study by Wagner in 1960, which
he has updated more recently® and which
is still supported by studies showing
increased risks of mesothelioma in a
number of cohorts (gas mask workers,
cigarette filter manufacturers, and others)
exposed to crocidolite asbestos. Stayner
and colleagues acknowledge, *“The propor-
tion of deaths due to mesothelioma are
strikingly lower in chrysotile-exposed
miners and millers than in crocidolite
miners.”4P18) To state that our 1990
article in Science® was the first introduc-
tion of the amphibole hypothesis and to
cite his 1987 review on asbestos-induced
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