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The authors reply to the comments of Drs. Gualtieri and di Giuseppe on the short communication by Wylie and
Korchevskiy — Carcinogenicity of fibrous glaucophane: how to fill data gaps? (2021 Current Research in
Toxicology Volume 2, pp. 202-203). The role of epidemiology in establishing the toxicity of elongate mineral
particles is emphasized. The validation of quantitative structure-activity relationship (QSAR) models by dis-
ease outcome is mentioned as one of the most important tools in advancing the new approaches in mineral par-

1. Dear Editor,

We appreciate the attention of Drs. Gualtieri and di Giuseppe to our
short communication “Carcinogenicity of fibrous glaucophane: How
should we fill the data gaps?”

The authors correctly stated that our results in assessing the car-
cinogenic potency of fibrous glaucophane were based on the airborne
data vs. the bulk sample that Dr. Gualtieri analyzed in his study. It is
obvious in this context that airborne samples (which included thou-
sands of particles with available morphometry) allowed for better
evaluation of possible carcinogenic potency of the full range of particle
sizes in an exposure. The air samples of glaucophane that we discussed
were collected just outside the construction zone of the Calaveras Dam
in California, USA. We concluded that the airborne elongate mineral
particles of glaucophane have typical characteristics of a cloud with
significant fraction of nonasbestiform particles. It should be noted that
data collected by D. Hernandez (reported in Wylie et al., 2020) within
the Calavaras Dam construction zone indicated comparatively higher
fraction of long narrow (length > 5 pm, width < 0.15 pm) glauco-
phane particles over the exposure outside the project boundaries; how-
ever, the fraction of long, thin fibers was still significantly lower than
for asbestiform riebeckite (crocidolite asbestos). This fact serves as a
valid argument for our suggestion that the carcinogenic potency of
fibrous glaucophane is quantifiable and sizably lower than for crocido-
lite with its prevailing asbestiform habit, based on quantitative struc-
ture-activity relationships (QSAR) models developed over the last
several years (Korchevskiy et al, 2019; Wylie et al, 2020;

* Corresponding author.
E-mail address: akorchevskiy@c-ih.com (A. Korchevskiy).

https://doi.org/10.1016/j.crtox.2021.100062
Received 19 November 2021; Accepted 30 December 2021

2666-027X/© 2022 The Author(s). Published by Elsevier B.V.

Korchevskiy and Wylie, 2021). It should be noted that the difference
in carcinogenic potency of asbestiform and nonasbestiform particles
was convincingly demonstrated in laboratory testing (like in
Mossman, 2008), as well as in epidemiological studies (Gamble and
Gibbs, 2008).

From the comments of Drs. Gualtieri and di Giuseppe, it remains
unclear how to interpret the fact that the estimation of a Fibre Poten-
tial Toxicity/Pathogenicity Index (FPTI) developed by their team
yields a value for glaucophane compared to or exceeding the toxicity/-
pathogenicity level for crocidolite, the most carcinogenic commercial
type of amphiboles (Hodgson and Darnton, 2000; Berman and
Crump, 2008; Garabrant and Pastula, 2018). In addition, the FTPI
index values do not correlate with published mesothelioma potency
for the major mineral types of asbestos nor does the index correlates
with the published potency factors for lung carcinoma derived from
occupational cohorts’ information (Hodgson and Darnton, 2000;
Berman and Crump, 2008).

In recognition of this problem, Drs. Gualtieri and di Giuseppe
explain these differences by pointing out that “the fibres investigated
in our work are not the same as those to which the workers were
exposed.” The variability in toxicity in a single mineral from two
nearby sources is certainly possible since habit can vary over a short
distance. This reminds us that great care must be taken in associating
toxicity with the location of the occurrence and a description of the
habit, not just the mineral name.

However, toxicological modelling and risk assessment can be
applied to specific cohorts of workers and communities if correct expo-
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sure characteristics and validated models are utilized. In particular, the
approach proposed by our group includes the analysis of mineral par-
ticles, typical for workers’ exposure, and development of the models
that can be validated by epidemiological data, and then used for pre-
diction of health outcomes of other types of exposure. In this case, epi-
demiological information serves as “training” set for the QSAR
modelling, and predictions can be made for the “test” sets of particles
without available human health data. Different methods can be used to
mathematically analyse the validity of the models; for example, we uti-
lized “leave-one-out” method to cross-validate the regression models
proposed for prediction of mesothelioma and lung cancer potency fac-
tors by exclusion various data points and estimation the stability of the
proposed coefficients (Cheng et al., 2017).

Dr. Gualtieri and his team apparently rejected the need to calibrate
the FTPI by correlating it with the observable health effects in humans
that would serve as “training” set for his index. The authors suggested
that “the only quantitative methods universally accepted to date to
determine the carcinogenicity of substances including mineral fibres
are the in vivo animal testing.” This statement, unfortunately, is not
true for elongate mineral particles like asbestos, and for such an impor-
tant health target as mesothelioma. For example, Saffiotti (2005) dis-
cussed numerous agents causing mesotheliomas in laboratory animals,
while in humans the mesothelioma is seen as prevailingly related to
fibrous minerals exposure. Berman and Crump (2003) addressed the
differences in observations on asbestos carcinogenicity between ani-
mals and humans suggesting that it may be “due at least in part to
the limited lifetime of the rat relative to the biodurability of the asbes-
tos fiber types” or that “different mechanisms drive the effects
observed in the animal studies than those that dominate for
asbestos-induced cancers in humans and that such mechanisms depend
more strongly on mineralogy.”

Virtually all quantitative estimations of asbestos potency factors in
the last several decades were prepared based on the epidemiological
data, and not on attempts to extrapolate in vitro or in vivo tests results
to human populations (see, for example, the history of regulatory
reviews for various mineral types of asbestos: US EPA, 1986; US
EPA, 2017; US EPA, 2020; European Chemical Agency (ECHA),
2021). The future of toxicology in general, and asbestos toxicology
in particular, lays in the utilization of available epidemiological infor-
mation to develop predictive in silico models that would be able to
involve all available mineralogical, chemical, and biological data,
but can be validated only on the human health information, even if
epidemiological studies on asbestos were historically limited in scope.
The index of Dr. Gualtieri, however, appears to be purely empirical
and not tested directly on any data that would reflect specific biolog-
ical endpoints, in humans, or in laboratory animals. The toxic effects,
however, cannot be considered as a simple linear combination of
parameters, even if each parameter reflects some measurable response
of the organism on some level of the biological system.

It should be noted that Dr. Gualtieri’s team has collected valuable
information on in vivo and in vitro effects, as well as chemical and phys-
ical characteristics of various mineral types of elongate particles. Com-
bining this information with available epidemiological data would
help to develop new models allowing determination of which measur-
able parameters are predictive for specific health outcomes, separately
for carcinogenic effects (like mesothelioma and lung carcinoma) and
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non-cancerous pathological conditions (like pleural plaques and
asbestosis), related to fibrous agents. However, without this type of
correlation with human epidemiological observations, any toxicity
index or QSAR model cannot be considered as relevant for protecting
health of workers and communities.
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