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REVIEW ARTICLE

The IARC re-classification of talc carcinogenicity: a move in the wrong direction?

Andrey A. Korchevskiya and Ann G. Wylieb 

aChemistry & Industrial Hygiene, Inc, Lakewood, CO, USA; bUniversity of Maryland, College Park, MD, USA 

ABSTRACT 
The paper explores a content of the recent International Agency for Research on Cancer (IARC) 
Monograph (Volume 136) where pure talc was reclassified from the Group 2B (“Possibly carcinogenic 
to humans”) to the Group 2 A (“Probably carcinogenic to humans”). The Monograph is considered in 
the context of the history of the IARC program for classification of carcinogens as well as in the frame
work of basic principles of toxicological science. It is demonstrated that reclassification was made not 
based on any new scientific information available, but rather because of a change in some of the 
methodological approaches or preferences employed by IARC. In particular, it is demonstrated that 
there are significant mineralogical issues in characterization of talc by the recent IARC Monograph. It is 
shown why weight-of-evidence for carcinogenicity of pure talc in experimental animals cannot be esti
mated higher than “limited”, and in human study higher than “inadequate”. It will also be argued that 
utilization of separated mechanistic criteria (key characteristics of carcinogens) without contextual ana
lysis and proven mode-of-action (MoA) can cause significant uncertainties in the determination of car
cinogenicity in humans. There is a need for comprehensive risk assessment for various agents and 
processes, rather than just hazard identification that the IARC continues to exercise with questionable 
relevance for global cancer prevention.

Abbreviation: AOP: adverse outcome pathways; IARC: International Agency for Research on Cancer; 
IRIS: Integrated Risk Information System; KC: key characteristic; MoA: mode-of-action; MTD: maximum 
tolerated dose; NAM: new approach method; NF-jB: nuclear factor kappa-light-chain-enhancer of acti
vated B cells; NTP: National Toxicology Program; PCA: principal component analysis; SVF: synthetic vit
reous fibers; US EPA: United States Environmental Protection Agency; CART: Classification and 
Regression Trees methodology
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1. Introduction

The International Agency for Cancer on Research (IARC) 
recently published the first part of Volume 136 of 
Monographs on the Evaluation of Carcinogenic Risks to 
Humans, dedicated to talc (IARC 2025a). The new assessment 
by IARC changes the conclusions of the previous evaluation 
for the same mineral issued in Volume 93 in 2010 (IARC 
2010), elevating the weight-of-evidence category for talc 
from “Possibly carcinogenic to humans” (Group 2B) to 
“Probably carcinogenic to humans” (Group 2 A). Both Groups 
2 A and 2B have a specific status in IARC classification that 
includes agents that are not yet fully proven to be human 
carcinogens, vs. entities from Group 1 (“Carcinogenic to 
humans”). Obviously, the agents in groups 2 A, 2B, and 3 are 
included in these categories because some necessary argu
ments for human carcinogenicity are lacking.

It should be emphasized that re-classification of talc by 
IARC was made in a specific and unique way when the new 
carcinogenicity group was determined not on the basis of 
any new information, but rather on the changing of IARC’s 
own methodology and classification criteria.

As we will demonstrate in this paper, in Monograph 136, 
IARC did not change the estimation of the weight-of-evi
dence for cancer in humans, considering it “limited” as in 
Monograph 93. However, the status of the evidence in 
experimental animals was elevated from “limited” to 
“sufficient” despite using the same data (a single study with 
results from only one species) in 2025 as in 2010. Also, IARC 
utilized a new methodological approach, assigning a “strong” 
categorization to so-called “mechanistic evidence” for talc 
carcinogenicity. This was done without attempts to demon
strate the relationships between separate characteristics of 
potential carcinogens. It is noteworthy that the decision to 
reclassify talc was apparently not supported by the entire 
IARC working group. As Dr. Andrew Ghio, the member of the 
working group for Monograph 136, stated (Ghio 2025), “[s]ev
eral experts did not agree with the reclassification of talc on 
the basis of the single animal study and an inadequacy of 
meeting a majority of the key characteristics and, accord
ingly, abstained from voting on the carcinogenicity of talc.”

This recent decision by IARC provides an important oppor
tunity to discuss once again the approaches that the agency 
utilizes for carcinogenicity classification of various agents and 
the applicability of IARC conclusions for scientifically based 
risk assessment. In this paper we will attempt to explore the 
IARC reasoning for the change of talc classification and sug
gest alternative interpretation of the data using the organiza
tion’s own criteria. Through a toxicological overview and 
mathematical modeling of the data, we will demonstrate that 
the “key characteristics of carcinogens,” as utilized by IARC 
for systematization of mechanistic evidence, do not in them
selves constitute a scientifically sound argument for the car
cinogenicity of various agents in humans. We will attempt to 
show that the IARC’s decision to change the status of talc 
not contaminated by asbestos fibers may have implications 
for other agents. These implications arise from a potential 
loosening of the criteria for assigning carcinogenicity classifi
cations and by a lower weight-of-evidence threshold for 

chemicals, which in turn could influence public policy 
changes in in the U.S. and internationally.

2. Materials and methods

This paper is not a systematic review of literature on talc and 
its potential biological effects. On the contrary, the paper 
assesses the IARC Monographs, which are intended to pro
vide a systematic review of various chemicals, from the per
spective of the scientific validity of their conclusions.

We employed several datasets published by IARC sources to 
analyze the statistical relationships between mechanistic evi
dence and the resulting cancer classification. We revisited vari
ous published sources on talc effects in humans and 
experimental animals to demonstrate them in the context of the 
new evaluation of talc by IARC. We also reviewed mineralogical 
papers cited by IARC in its evaluation of talc to identify possible 
omissions of important information in Monograph 136.

We collected information on the ten mechanistic character
istics of carcinogenicity for the 184 agents assessed in the most 
recent IARC Monographs (Volumes 112–135). For 99 of the 
agents (including talc), mechanistic evidence was available 
from Monographs. We used the combined data for each of the 
mechanistic characteristics from the recent IARC report (IARC 
2025b). We supplemented the data with information about 
mechanistic characteristics of Group 1 agents from Monograph 
Volumes 100 A, 100B, 100 C, 100D, 100E, 100 F, 105, and 106 (as 
described in the 2019 IARC publication) that had been col
lected from various sources (the data were available for 85 
agents) (IARC 2019b). No specific evaluation of the strength of 
evidence for each mechanistic endpoint was attempted, and 
the specific evidence included in the IARC analysis was 
assumed to be significant, as evidenced by the “yes” or “no” 
option for each evidence category. Three options for the 
weight-of-evidence on cancer in humans and animals (inad
equate, limited, or sufficient) were also included for each agent. 
IARC’s overall conclusion and final classification, based on the 
assigned group, 1, 2 A, 2B, or 3, was included. For each of the 
ten key characteristics of carcinogens (see Section 3), the code 
0 was used to indicate absent evidence and code 1 to indicate 
evidence present in human or animal cells. The weight-of-evi
dence for animal and human studies was codes as 0 for inad
equate, 1 for limited, and 2 for sufficient.

The data used for the study are summarized in Table S1. 
We used several methods to demonstrate a possible relation
ship between key characteristics of carcinogens with a binary 
outcome (if the agent was a proven human carcinogen).

First, we performed a statistical analysis and found proba
bilities of agents with evidence on each KCC to belong to 
Group 1. Bootstrap analysis was used to find confidence 
intervals for the probabilities.

Then we utilized Principal Component Analysis (PCA) to 
determine key characteristics predictive for cancer classifica
tion. PCA is a statistical method for reducing a cases-by-varia
bles data table to its essential features, called principal 
components. Principal components are a few linear combina
tions of the original variables that maximally explain the vari
ance of all the variables (Greenacre et al. 2022). PCA allows 
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for different variables, characterizing some objects, to be pro
jected on variable planes (representing principal compo
nents), revealing the relationship between variables. 
Observing the distribution of variables across the four quad
rants of the plant helps to understand their proximity to one 
another. The limitations of the approach are typical for any 
multivariable statistical method (e.g. data imbalances, linear 
distortions).

We also used the Classification and Regression Trees 
(CART) methodology for constructing decision trees. For bin
ary classification and regression models, this approach recur
sively divides the data into two near-homogenous daughter 
nodes according to a split point that maximizes the reduc
tion in sum of squares error (the impurity) along a particular 
variable, which is how each split in the tree is chosen. In our 
case, we used the so-called gini impurity coefficient. If a 
node is pure, meaning all samples reaching that node are of 
one class, the gini coefficient will be 0, while a node with 
mixed samples will have a higher gini coefficient (Lampa 
et al. 2014; Hayes et al. 2015) The tree with best statistical 
characteristics (lowest gini coefficients and highest balanced 
accuracy) was utilized to evaluate a probability that talc- 
related mechanistic characteristics may belong to a realistic 
pathway for cancer in humans.

We additionally tested all combinations of KCs (including 
from two to four key characteristics each) for their correlation 
with the “Group 1 or not” binary variable. Spearman correl
ation coefficients were utilized for the ranking of various 
combinations. The sum of the values for each combination of 
key characteristics was found for each agent by the formula:

KCcombinationði, j, k, lÞ ¼ KCi þ KCj þ KCk þ KCl: (1) 

Parameters i, j, k, and l changed from 0 to 10 (with KCx 
signifying a value of KC parameter with order number x in 
Table S1 for x� 1, or equal to zero for x¼ 0). Combinations 
of KCs with 2, 3, or 4 parameters were tested (so, at least 
two values from i, j, k, and l in Equation 1 should not be 
equal to 0). Spearman correlation was found between 
KCcombination (i,j,k,l) and parameter “Group 1 or not” that was 
equal to 1 when the agent was in the Group 1 by IARC classi
fication and zero otherwise.

Finally, logistic regression was used to determine the 
probability that an agent belongs to a certain classification, 
based on its key characteristics. To evaluate the applicability 
of logistic regression to available data, we utilized a variance 
inflation factor (VIF) measuring multicollinearity of the model; 
when this parameter was not greater than 5, we assumed 
multicollinearity to be controllable. The standard parameters 
AIC, BIC, AUC, Sommer’s D, and Brier score were used to 
evaluate the performance of logistic regression.

Licensed Statistica 14.1 and Crystall Ball packages were 
used for statistical analysis.

3. History of IARC classification: 1970s to the 
twenty-first century

The Monograph program by IARC was established in 1969, 
signifying an important step in the international process of 

collecting and assessing cancer-related information for vari
ous agents. The initial efforts of the founding director of 
IARC, John Higginson (1966–1981), and the first director of 
the Monograph program, Lorenzo Tomatis (1971–1982), 
resulted in the launch of the series of volumes focused on 
various potential carcinogens. The history of the method
ology for agent classification by IARC in its Monographs was 
recently reviewed by Baan and Straif (2022). It should be 
emphasized that initially, the IARC Monographs did not 
attempt to associate these chemicals with a specific classifica
tion group. Instead, they only indicated available information 
and the degree of its validity. The idea was apparently to 
provide the public and decision-makers with valid data for 
immediate actions on certain human carcinogens when such 
actions were warranted. The way to use results on experi
mental animals for conclusions on human carcinogenicity 
was apparently unclear for IARC at that point (Baan and 
Straif 2022). In 1979 (IARC 1979), the first version of the 
agent classification was proposed, with three initial classes:

Group 1. The chemical, group of chemicals, or industrial 
process is carcinogenic for humans.

Group 2. The chemical or group of chemicals is probably 
carcinogenic for humans. (Including groups 2 A and 2B with 
lower and higher weight of evidence, respectively).

Group 3. The chemical or group of chemicals cannot be 
classified as to its carcinogenicity for humans.

In 1987, IARC separated Group 2 A (possibly carcinogenic) 
and Group 2B (probably carcinogenic) and introduced Group 
4 (the agents probably non carcinogenic to humans) (IARC 
1987). The data for experimental animals were indicated as 
an important supporting source of information for Groups 
2 A and 2B starting in 1979. As Baan and Straif noted, the 
animal data were used in IARC classification only “for prac
tical purposes”, as an “approximation”, until 1987 when N- 
ethyl-N-nitrosourea was placed in Group 2 A with sufficient 
evidence in animals in the absence of human epidemio
logical data.

It should also be noted that since approximately 1982 
(IARC 1982), IARC started labeling the levels of the available 
evidence for carcinogenicity as “sufficient”, “limited”, or 
“inadequate”.

Parallel with its increased use of animal data in carcino
genicity assessment, IARC began discussions on incorporating 
mechanistic data into its classification, including data from 
in vitro studies and theoretical determinations of the agents’ 
mode-of-action. In the 1991 Preamble, IARC established that 
agents can be classified as carcinogenic to humans if there is 
sufficient evidence in animal models and “strong evidence in 
exposed humans that the agent acts through a relevant 
mechanism of carcinogenicity” (IARC 1991).

The current version of the IARC Preamble was published 
in 2019 (IARC 2019a). At that point, IARC introduced a new 
methodology to integrate animal and mechanistic data in a 
combined manner. IARC attempted to formalize the approach 
to mechanistic data analysis by introducing ten key charac
teristics of carcinogens (KCCs or KCs):

KC1. Is electrophilic or can be metabolically activated to be 
electrophile
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KC2. Is genotoxic
KC3. Alters DNA repair or causes genomic instability
KC4. Induces epigenetic alteration
KC5. Oxidative stress
KC6. Chronic inflammation
KC7. Immunosuppressive
KC8. Modulates receptor-mediated effects
KC9. Causes immortalization
KC10. Alters cell proliferation, cell death, or nutrient supply

(Smith et al. 2016; IARC 2019a)

In 2019, IARC also eliminated Group 4, which was almost 
never used in practice, except for caprolactam that was 
reclassified into Group 3. It should be noted that the exist
ence of Group 4 was useful for public health guidance and 
regulatory decision-making because it distinguished agents 
unlikely to cause cancer from those for which risks remain 
uncertain or have been substantiated.

Baan and Straif (2022) stated in this regard that exclusion 
of Group 4 finally confirms “that the IARC Monographs do 
not evaluate agents for which there is no evidence or suspi
cion of carcinogenicity.” It is very important to note, however, 
that some agents with strong evidence of rodent-specific 
modes of action not relevant to humans (e.g. PPARa activa
tion, a2u-globulin nephropathy, TSH stimulation) would be 
classified in Group 3 by the available criteria. This reveals an 
apparent asymmetry in IARC’s methodology: it applies KCCs 
to elevate a hazard classification while also assigning Group 
3 (“not classifiable as to its carcinogenicity in humans”) to 
chemicals with substantial evidence that they are unlikely to 
be human carcinogens.

The main criteria for IARC classification, as promulgated in 
the most recent Preamble in 2019 (IARC 2019a), is pictorially 
expressed in Figure 1.

In addition to information provided in Figure 1, there are 
several options for classification that are indicated in the 
Preamble. In particular, classification to Group 2 A can be 
used when there is strong evidence, based on mechanistic 
considerations, that the agent belongs to a class of agents 
for which one or more members have been classified in 
Group 1 or Group 2 A. Additional considerations apply when 
there is strong evidence that the mechanism of carcinogen
icity in experimental animals does not operate in humans for 
one or more tumor sites. Specifically, the remaining tumor 
sites should still support an evaluation of sufficient evidence 
in experimental animals for this evaluation to be used to sup
port an overall classification in Group 2 A.

It should be noted that methods of testing for carcinogen
icity in experimental animals remain the central point of the 
interpretation for the weight-of-evidence. In the Preamble 
published in 1991, sufficient evidence of carcinogenicity in 
animals was assumed if “a causal relationship has been estab
lished between the agent or mixture and an increased inci
dence of malignant neoplasms or of an appropriate 
combination of benign and malignant neoplasms in (a) two 
or more species of animals or (b) in two or more independ
ent studies in one species carried out at different times or in 
different laboratories or under different protocols.” The docu
ment added that “exceptionally, a single study in one species 
might be considered to provide sufficient evidence of car
cinogenicity when malignant neoplasms occur to an unusual 
degree with regard to incidence, site, type of tumor or age 
at onset” (IARC 1991). The Preamble from 2006 (IARC 2006) 
added that increase of tumors in both sexes “in a well- 
conducted study, ideally under Good Laboratory Practices, 
can also provide sufficient evidence.” Except for some 
rewording, the Preamble updated in 2019 kept the language 
from previous versions on this topic but also allowed for 

Figure 1. Main evidence-based criteria for IARC classification based on IARC 2019 (IARC 2019a).
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“exceptional” study in one species and sex when the findings 
are “unusual” (IARC 2019a).

In the current classification model by IARC, sufficient evi
dence of carcinogenicity in humans (either from elevated 
cancer risk in epidemiological studies, or from mechanistic 
evidence in exposed humans) remains the principal deter
minant of carcinogens in Group 1. However, for all groups, 
there is a trend to gradually balance the evidence from 
human (epidemiological) data, evidence from experimental 
animals, and the key characteristics of carcinogens.

Analysis of the history of the IARC Monograph program 
and specifically its last Preamble reveals several facts.

First, the most important classification in the IARC schema 
is the determination of the Group 1 human carcinogen list. 
By doing this, IARC attempts to fulfill its mission of hazard 
identification, providing the necessary first step in the risk 
assessment process. Obviously, any assessment of human car
cinogenicity for various agents is expected to have limitations 
related to limited epidemiological data, possible exposure 
assessment issues, biases, analytical problems, and others. 
What remains important, however, is a clear message regard
ing Group 1 carcinogens that are expected to be addressed 
in public policy.

Second, IARC seems to have much less certainty in defining 
the meaning of groups other than Group 1 in the assessment. 
All of them (including Group 2 A, 2B, 3 and eliminated 4) can
not be considered proven carcinogens in humans. The 
Preamble from 2019 specifically indicated that Group 2 con
tains agents with the degree of evidence of carcinogenicity in 
humans being “almost sufficient” (IARC 2019a). The word 
“almost” indicates inability of the classification model to char
acterize any of the agents outside of Group 1 as human carci
nogens, even in the terms of “possibly” and “probably”. The 
implications of this situation for public policy are unclear. With 
all agents in Groups 2 A, 2B, and 3 being “suspected” human 
carcinogens, with no specific “potency”, but only general 
weight-of-evidence ranked, there are significant difficulties in 
applying this classification to determine policy priorities.

Third, IARC has elevated the role of mechanistic evidence 
for carcinogenicity, searching for toxicological information 
outside of the domain of traditional human epidemiological 
studies and tests on experimental animals. However (as we 
will attempt to demonstrate below using talc as an example), 
the ten key characteristics introduced by IARC cannot be 
used in isolation without determination of a mode-of-action 
(MoA) and confirmation in humans and animals that a chain 
of events leading from exposure to the specific in vitro test 
results to cancer is real.

The International Programme on Chemical Safety (IPCS), 
administered by both the World Health Organization (WHO) 
and the Organization for Economic Cooperation and 
Development (OECD) has provided an internationally 
accepted definition of MoA: a biologically plausible sequence 
of key events that are causally linked and lead to an adverse 
effect (Boobis et al. 2006; Meek et al. 2014). The OECD 
Adverse Outcome Pathway (AOP) framework incorporates 
principles from the WHO/IPCS MoA framework by applying a 
causal evaluation approach that draws on Bradford Hill con
siderations, including temporal and dose–response 

concordance, consistency, biological plausibility, and essenti
ality (OECD 2017). The KCC concept by IARC that disconnects 
separate characteristics from each other and considers each 
of the characteristics as evidence of carcinogenicity appears 
to be a significant setback in the scientific approach to the 
assessment of agents for their ability to produce cancer in 
humans. At least some of the ten KCCs listed above obvi
ously reflect normal biological processes that do not neces
sarily lead to tumor development on their own (e.g. wound 
healing and cell proliferation for restoring tissue integrity 
after injury; or chronic inflammation as part of normal 
immune responses or tissue repair). This emphasizes the 
importance of determining human relevance by causal ana
lysis, which is intended to minimize the possibility of false 
inferences of causation based on spurious relationships. 
Otherwise, the list of carcinogens in Groups 2 A and 2B can 
grow indefinitely, without any proof of relevance for carcino
genicity in humans. As can be seen, the current Preamble 
allows the agents to be potentially classified as Group 1 
based on sufficient animal evidence and strong key charac
teristics data. It is therefore reasonable to suggest that much 
better formalization to avoid unjustifiable inclusion to Group 
1 (which should remain the “gold standard” list of carcino
gens) is needed. This formalization should include the con
firmation of specific combinations of key characteristics of 
carcinogens as “strong” vs. “limited”, or “insufficient” mechan
istic data. Predictability of separate key mechanistic charac
teristics of carcinogenicity, promoted by IARC, for cancer in 
humans is not defined by IARC in any reproducible way, leav
ing ten characteristics as a disjointed list of parameters that 
may or may not serve as a support for classification.

Similar thoughts were expressed by Goodman et al. (2020) 
in the recommendations for further revisions on the IARC 
Monograph program. The authors emphasized that “without 
continued improvements in, and modernization of, the proce
dures for evaluating, presenting and communicating study 
quality, and in the methods used to conduct (and independ
ently peer review) evidence-based causal decision making by 
Working Groups, the IARC Monographs will likely continue to 
generate classifications that fall short of meeting current best 
practices benchmarks for authoritative scientific reviews.”

It also appears that the initial question that IARC tried to 
answer by the Monograph program has become outdated. 
Boobis et al. (2016) suggested that instead of the effort from 
the 1970s to “identify those chemicals which are capable of 
causing cancer so they can be eliminated from use,” IARC 
should address the current problem which is to: “identify and 
characterize the carcinogenic potential of chemicals so that 
appropriate risk management measures can be taken to safe
guard human health.” Boobis et al. argued for a risk-based 
decision framework that integrates hazard, dose–response, 
and exposure to provide a balanced basis for informed risk 
management decisions.

We would suggest that not one, but a series of more spe
cific questions should be addressed by IARC in the XXI 
century:

� Is this agent proven to be carcinogenic to humans in 
realistic exposure circumstances?
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� If there is no direct proof of an agent’s carcinogenicity to 
humans, and only some questionable evidence, what 
should be done to demonstrate or disprove carcinogen
icity status for humans?

� If the agent is proven to be carcinogenic to humans, 
what is the MoA, and would it imply an exposure thresh
old or other aspects of dose-response relationship 
impacting public perception, along with policy and 
regulations?

Obviously, not every question can be fully and scientific
ally answered for each agent. Difficulties of “proving a neg
ative” can be hard to overcome in assessment of potential 
carcinogenicity. However, without the vision for the “key 
questions” it is impossible to integrate fully the IARC agenda 
into the public policy processes.

In 2015, a group of scientists, involved in the work of 
IARC, responded to increasing public criticism of the program 
(Pierce et al. 2015). Pierce et al. specifically addressed the 
opinions published by Boffetta et al. (2009), Epidemiology 
Monitor (2012), Ioannidis (2005), Kabat (2012), and 
McLaughlin et al. (2010, 2011). Four main types of critique 
were identified: the overreliance on epidemiology (despite its 
inherent limitations); the issue of false positives; discontent 
with the IARC process (including selection of working 
groups); and/or focused criticism of specific evaluation. The 
authors of the paper argued that the IARC classification pro
cess is transparent and solid, epidemiology remains a power
ful source of cancer information, and specific evaluation 
passed steps of the IARC process, warranting their validity.

Samet (2015) compared the IARC program with the U.S. 
EPA’s Integrated Risk Information System (IRIS), suggesting 
that the two systems should be considered mutually support
ive because IARC focuses on hazard identification, while IRIS 
provides dose-response information on risk. Currently, the 
future of IRIS in the U.S. is unclear; however, the lessons from 
IRIS can be used by IARC in reemphasizing all steps of the 
risk assessment process, besides just hazard identification. 
Hazard identification without exposure and dose-response 
assessment appears to be an incomplete step. For example, 
some agents may express certain characteristics of carcino
genicity, but if this expression would be expected only at 
doses irrelevant for humans, hazard identification would mis
lead the public. To provide scientifically based and practically 
applicable results, IARC should not artificially try to limit itself 

to the “hazard identification” part of the risk assessment pro
cess, and should include other steps including relevant 
exposure assessment, dose-response evaluation, and risk 
characterization. Also, hazard identification by IARC should 
also follow the principles of scientific analysis, essential for 
risk assessment purposes.

4. New evaluation of talc by IARC: Changes with no 
change

IARC evaluated talc in its Monographs three times. Table 1
shows the relationship between evaluation of the evidence 
for talc carcinogenicity in 1987, 2010, and 2025.

Not attempting a comprehensive retelling the context of 
IARC Monographs, we will emphasize several aspects of the 
differences and similarities between assessment of talc by 
IARC from 1987 to 2025.

4.1. Minerology of talc

Monograph 136 (IARC 2025a) contains a table listing 49 
mines and mining districts from which talc ore has been 
mined. Of these 49 entries, there are 34 entries under the 
column labeled “Occurrences of Asbestos.” This table was 
used by IARC to support the statements in the monograph 
that talc is commonly contaminated with asbestos at the 
mine source. However, the content of the table appears to 
be inconsistent with scientific understanding of talc mineral
ogy and the sources referenced by the monograph itself. 
With such poor understanding of the occurrences of talc and 
associated minerals, it is difficult to see how exposures were 
evaluated, especially with respect to possible presence of 
elongate particles in talc samples.

4.1.1. Background

4.1.2. What is talc
Talc is a naturally occurring magnesium silicate represented 
by the formula Mg3Si4O10(OH)2. It is the softest mineral 
known, defining the lowest value on the Mohs scale of rela
tive scratch hardness. Mineral talc also has surface properties 
and chemical stability in the body that make it a valuable 
conveyer of many pharmaceuticals, and its softness and platy 
form make it valuable for body powders and cosmetics.

Table 1. The components of IARC evaluation of talc carcinogenicity.

Component IARC evaluation in 1987 IARC evaluation in 2010 IARC evaluation in 2025

Cancer in humans Inadequate for talc not containing 
asbestiform fibers; sufficient for talc 
containing asbestiform fibers

Inadequate for inhalation and limited 
for perineal pathways

Limited. (Specifically emphasized that 
the positive association was with 
cancer of the ovary.)

Cancer in experimental animals Inadequate for talc not containing 
asbestiform fibers and for talc 
containing asbestiform fibers.

Limited Sufficient

Mechanistic evidence Absent Absent Strong (in human primary cells and 
experimental systems)

Overall conclusion Talc not containing asbestiform fibers 
is not classifiable as to its 
carcinogenicity to humans (Group 3). 

Talc containing asbestiform fibers is 
carcinogenic to humans (Group 1).

Talc not containing asbestos fibers: 
Group 2B

Talc not containing asbestos fibers: 
Group 2 A
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Talc is also a mined commodity. The mineralogy of com
modity talc varies among sources; it may contain more than 
95% mineral talc or less than 30% (IARC 2025a). Other miner
als that can occur in commodity talc in variable amounts 
include carbonates, chlorite, quartz, amphiboles, serpentine, 
sepiolite, and other clays, oxides, and other colorless silicates. 
The carbonates include dolomite, magnesite and calcite. The 
amphiboles include tremolite and anthophyllite. IARC (2010) 
provided a more complete list of associated minerals in Table 
1.4. Commodity talc with more than a few percent of these 
impurities is used in paint, polymers, ceramics, animal feed, 
fertilizer, roofing and rubber, among other products. In 
Monograph 42 (IARC 1987), it was specifically stressed that 
“[e]valuation of the effects of talc is confused by the fact that 
talc deposits may be contaminated with various other miner
als, including carbonates, quartz, serpentines and amphiboles 
(asbestiform and nonasbestiform).” In 1976, Rohl et al. pub
lished a study of 20 commercially available products contain
ing talc and found as much as 35% quartz, 10% tremolite, 
and 11% anthophyllite in one or more samples. Shortly after, 
much higher standards for the purity of cosmetic and 
pharmaceutical talc have been put in place.

High purity talc commodities with (ideally) more than 98% 
mineral talc are generally referred to as cosmetic talc, and 
pharmaceutical talc means > 99% talc (IARC 2010). All other 
talc commodities are generally referred to as industrial talc 
although their accessory minerals type and abundances will 
determine their utility.

The two uses of the term talc, talc as the mineral and talc 
as the polymineralic commodity, have brought controversies 
to the literature and to understanding outcomes when the 
exposure is to the commodity. To address this issue, in toxi
cological studies, the talc commodity making up the expo
sures should be clearly described by mineral content, 
proportion of each mineral component that is elongate, and 
the proportion that is asbestiform. Several of the categories 
can overlap, producing, for example, a situation in which a 
talc sample may contain fibers of talc and fibers of asbesti
form amphiboles. The sources of the talc should be known, 
studied, and reported.

4.1.3. Talc fibers
Although it is normally platy in shape, mineral talc can form 
fibers and elongate particles of talc can be found in most 
talc ores. However, talc has a weak atomic structure, and 
elongate particles are ribbon-like with a very high width to 
thickness ratio. In our recent paper we demonstrated that 
talc fibers are not likely to have sufficient rigidity to cause 
damage to macrophages or other types of cells (Wylie and 
Korchevskiy 2025).

In a few talc deposits in the world, mineral talc intergrows 
with amphibole and other similar chain silicates to form 
fibers. These transitional fibers are referred to as “fibrous talc” 
by Stemple and Brindley (1960) and Virta (1985), so by con
vention, fibrous talc refers to both fibers of mineral talc and 
fibers that are transitional, introducing an unfortunate confu
sion. Fibrous talc from Gouverneur, both talc and transitional, 
is asbestiform. Monograph 136 states that “crystal habit of 

talc is lamellar/platy … but it can be fibrous, or, more rarely, 
asbestiform” (IARC 2025a). IARC emphasized also that “fibrous 
talc is not asbestos” (IARC 2025a).

4.1.4. Asbestos and asbestiform
The term asbestiform refers to a naturally occurring, polyfila
mentous growth habit of minerals in which fibers are formed 
of parallel fibrils (single crystals) in bundles that can be sepa
rated into smaller fibers and fibrils with hand pressure. 
Asbestiform minerals are flexible in hand samples and fibers 
have higher tensile strength than other habits of the same 
mineral. Non-asbestiform habit is any habit that is not asbes
tiform. Of most concern to public health are elongate par
ticles created by fragmentation when rock is broken. As IARC 
(2010) states: “Actinolite, anthophyllite and tremolite may 
occur in some talc deposits; when asbestiform, they consti
tute asbestos and when not asbestiform, they are referred to 
as mineral fragments or cleavage fragments (277).” Both cate
gories of talc, containing and not containing asbestiform 
fibers (i.e. chrysotile, amphibole, or transitional), were consid
ered in the initial evaluation by IARC in 1987, and possible 
carcinogenic effects were associated with alleged asbestos 
component of talc.

Asbestos is a commercial term defining six minerals: 
chrysotile, grunerite (amosite), tremolite, anthophyllite, rie
beckite (crocidolite), and actinolite in their asbestiform habit 
of formation. IARC previously stated that its assessment of 
asbestos carcinogenicity covers asbestiform fibers, but not 
elongate particles that are non-asbestiform (IARC 2012). 
Toxicological characteristics of non-asbestiform particles have 
been demonstrated to be significantly different from asbesti
form fibers, and one explanation is the significant dissimilar
ity in dimensional parameters (Mossman 2008; Wylie and 
Korchevskiy 2023; Korchevskiy and Wylie 2025).

In Monograph 93 (IARC 2010), IARC attempted to specific
ally characterize talc not containing asbestiform fibers. The 
problem not clearly addressed by IARC is how to identify 
asbestiform fibers and tell them apart from nonasbestiform 
fibers. Examination by transmission electron microscopy 
makes the identification of chrysotile usually straightforward 
because of its tubular structure, and the unusual properties 
of asbestiform amphiboles are evident by polarized light 
microscopy (Verkouteren and Wylie 2002). However, asbesti
form fibers cannot be distinguished from non-asbestiform 
particles just by applying counting criteria specified by recog
nized analytical methods because elongate amphibole par
ticles meeting these criteria are present in all habits (Wylie 
2016; Wylie et al. 2022). This ambiguity in the definition of 
what is an asbestos fiber makes the task of differentiating 
talc commodities that contain amphibole based on the pres
ence or absence of asbestos problematic.

In Monograph 136 (IARC 2025a), IARC tried to distinguish 
effects caused by mineral talc vs. commodities that contain 
talc and other minerals by selecting the studies where only 
talc commodities not containing asbestiform fibers were 
used. This effort, however, appeared to be less than rigorous 
given the multitude of errors in Table 1.1 listing mine 
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locations and indicating the possible presence of asbestos. 
Those errors are listed and analyzed below.

4.1.5. Amphibole asbestos in talc ores
The extent of uncertainty and confusion underpinning the 
IARC assumptions about whether or not an occurrence of 
amphibole is asbestiform or nonasbestiform is evident in 
Table 1.1 from IARC (2025a). The three amphiboles of interest 
to IARC are tremolite, actinolite and anthophyllite. The impor
tant column is labeled “Occurrence of asbestos.” A footnote 
explains that under this column, “Probable” means that the 
presence of the amphibole minerals tremolite, anthophyllite, 
and actinolite “has been reported, but not in the asbestiform 
habit.” The word “Possible” means the presence “has been 
reported for the geological formation forming the deposit or 
in contact with the deposit,” and “No” means that “in the sur
veyed literature describing that occurrence, the presence of 
one or more of the six mineral species classified as asbestos 
was not reported or that the absence of one or more of the 
six minerals species classified as asbestos was stated.” An 
entry of either chrysotile or amphibole without a “Possible” 
or “Probable” means that asbestos was reported in the ore.

How the presence of nonasbestiform amphibole makes 
asbestos “Probable” is not explained, especially when, as the 
following discussion illustrates, the nonasbestiform amphi
bole is of an entirely different geological age or spatially 
unrelated. While amphibole makes up 6–10% of surface rock 
(Wylie and Candela 2015), asbestos only occurs when the 
conditions are right for the formation of fiber, and this is not 
necessarily related only to the formation in which it occurs, 
but to its geological history, such as faulting, folding, hydro
thermal alteration or igneous intrusion. It is certainly true 
that where there is asbestos, there will be nonasbestiform 
occurrences of the same mineral, but the reverse cannot be 
assumed.

IARC’s designation as “Possible” when the only report of 
one of the three amphiboles of interest is amphibole in the 
rock surrounding the ore body and not in direct contact with 
the ore, does not reflect the geological reality that rock types 
in contact with one another or in close proximity can change 
dramatically in mineralogy, age, and geologic history, and 
the mineralogical content of formations can vary along strike. 
Furthermore, there is no justification given for the idea that 
the surrounding rock formations are processed with the ore 
and enter a talc product. The occurrence of asbestos in a for
mation related to an igneous rock intrusion, or a fault, for 
example, has no bearing on the presence of asbestos else
where in the formation. Similarly, assuming that it is 
“Probable” that asbestos is present when the minerals are 
reported in a nonasbestiform habit is not justified (or justifi
able) and the ideas that amphibole or serpentine near a talc 
deposit make chrysotile or amphibole asbestos probable in 
talc ore is not geologically sound.

In Table 1.1, there are numerous entries in which amphib
oles are listed as occurring (not as possible or probable), 
meaning they are asbestiform. After reviewing all references 
supporting this habit designation, we found multiple entries 
where amphibole is mentioned but its asbestiform 

designation is not supported by the references; examples are 
listed below:

1. Afghanistan, Nangarbar Province. The first mine loca
tion listed as containing tremolite asbestos in Table 1.1 
is Afghanistan, Nangarbar Province. The reference for 
this conclusion is included as Tahir et al. (2018). While 
tremolite is discussed by Tahir et al., and they describe 
in detail the habit of many elongate minerals, including 
use of the term fibrous, they do not use the terms 
asbestiform or asbestos to describe tremolite. In mineral
ogical terminology and by IARC’s own terminology, 
fibrous is not a synonym for asbestiform.

2. Brazil, Bahia District. IARC (2025a) relied on Gondim 
and Jiang (2004) for the mineralogy of the Bahia district 
of Brazil. Both actinolite asbestos and tremolite asbestos 
are listed as present in the mines. However, Gondim and 
Jiang do not mention amphibole asbestos occurring in 
any of the mines.

3. Canada, Madoc, Ontario. At Madoc, Ontario Canada, 
IARC lists tremolite asbestos and references Sabina 
(1987). However, Sabina does not report amphibole 
asbestos from this mine.

4. India, Rajasthane. In the talc mines in Rajasthane, India, 
IARC lists tremolite asbestos. The reference, Shekhawat 
et al. (2010), does mention that tremolite asbestos exists 
in the same geographic area, but it is not reported as 
associated with talc.

5. Korea, Dongyang, Chunjue. In Korea, at Dongyang, 
Chungjue, the talc deposits contain tremolite and dolo
mite. IARC relies on Dongbok et al. (2004) for the conclu
sion that tremolite asbestos occurs there, but these 
authors do not describe asbestiform tremolite nor men
tion tremolite asbestos.

6. Norway, Altermakr, Rana. At Altermark, Rana, Norway, 
IARC asserts that both anthophyllite asbestos and tremo
lite asbestos accompany the ore. They rely on Karlsen 
et al. (2000), Wergeland et al. (1990), and Wergeland 
et al. (2017). These authors say that amphibole occurs in 
trace amounts, but there is no discussion of the amphib
oles as asbestos or asbestiform.

7. U.S.A., Georgia, Chatsworth District, Murray County. 
In the Chatsworth district, Murray County, Georgia, IARC 
lists the presence of actinolite, anthophyllite and chryso
tile asbestos. Their reference, Furcron et al. (1947), does 
not mention anthophyllite in the ore, although it is men
tioned in surrounding rocks, and actinolite is only men
tioned once as occurring in white grinding crayon. There 
is no mention of asbestos or the asbestiform habit of 
these amphiboles. (This is not to be confused with talc 
mines at Soapstone Ridge, Georgia, where these two 
amphiboles occur as asbestos.)

In some cases, the references listed do not support the 
presence of amphibole, yet amphibole is listed under the col
umn “Occurrence of asbestos.” Examples are given below:

1. Allamoore Talc District. In the Allamoore talc district, 
IARC relied on Van Gosen et al. (2004) for their 
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conclusion that talc deposits in the district contain 
tremolite asbestos. In fact, Van Gosen asserts that there 
is no tremolite in the talc mines. A reference with details 
on the mineralogy of the district not consulted by IARC, 
Edwards (1984), but referenced by Van Gosen et al. 
(2004), does not indicate the presence of tremolite or 
tremolite asbestos. There are several occurrences in the 
district of richterite or winchite asbestos, but these 
occurrences are found in inactive prospects associated 
with igneous rock. Neither of these minerals are reported 
in the ore of mines operating in the district.

2. China, Guangxi Province. Table 1.2 lists Guangxi 
Province, China, as a source of talc with possible tremo
lite, but tremolite is not mentioned at all in the ore from 
the source on which IARC relied (Schober 1998), (and to 
our knowledge tremolite has not been reproducibly 
documented from this source). Schober (1998) does 
report tremolite from Shandong province, but not 
Guangxi.

3. China, Liang Province. IARC (2025a) relied on Misch 
et al. (2018) for their conclusion that tremolite is pos
sible, but Misch et al. report tremolite only from a mag
nesite mine, not a talc mine.

4. Italy, Sa Matta, Sardinia. Fiori and Grillo (2002) do not 
report tremolite in the ore at Sa Matta, Sardinia, Italy, yet 
IARC relies on them to say that tremolite in the ore is 
probable. They do report a recent discovery of a carbon
ate containing tremolite adjacent to the ore body.

5. U.S.A., California, Inyo Northern Panamint Range. In 
the California Inyo Northern Panamint Range district, 
IARC says that tremolite asbestos is probable and relies 
on Greene (1995), who does not mention tremolite or 
quartz and says these deposits lack minerals other than 
talc.

6. U.S.A., Dillon-Ennis District, Yellowstone Mine. IARC 
relies on Van Gosen et al. (2004) to conclude that tremo
lite is probable in the Dillon-Ennis district Yellowstone 
mine. In fact, Van Gosen et al. (2004) and another refer
ence relied on by IARC, Buzon and Gunter (2017), also 
conclude that there is no tremolite in this mine.

7. U.S.A, Montana, Dillon Ennis District, Willow Creek 
and Beaverhead mines. IARC relies on Van Gosen et al. 
(2004) to conclude that tremolite is probable from the 
Willow Creek and Beaverhead mines in the Dillon Ennis 
district of Montana. In fact, Van Gosen et al. does not 
mention these two mines specifically but conclude that 
the district is amphibole free. This is supported by Buzon 
and Gunter (2017).

8. Finland, Polvijarvi, Sotkamo and Vuonos mines. IARC 
relies on Kuutila (2022) to conclude that tremolite is 
probable from both the Sotkamo and Vuonos mines in 
Polvijarvi, Finland. Kuutila wrote about sulfide mineraliza
tion in Finland, not talc, and while talc was mentioned, 
talc mines were not described. Sotkamo was not men
tioned at all and Vuonos was described as a Cu, Zn, Co 
deposit. Another source, not consulted by IARC, 
describes many talc mines in Finland generally (Vesasalo 
1965). While most are altered serpentine, some are 

altered mafic rocks. Many described do not contain 
tremolite.

The sources of talc by country are given in Table 1.16 and 
1.17 from IARC 2010 and 1.3 and 1.4 from IARC (2025a). The 
mining districts are not clear in all cases. Although there is 
uncertainty, it appears that IARC provides conflicting informa
tion about the presence of amphibole. Table 1.1 shows that 
industrial talc from Texas, Canada, Montana, and Finland con
tain amphibole, but these sources are reported as amphibole 
free in Tables 1.3 and 1.4.

4.1.6. Chrysotile in talc ore
Table 1.1 (IARC 2025a) lists 12 mine locations that might con
tain chrysotile. In the case of chrysotile, “Possible” means 
that serpentine was reported in the surrounding rock. While 
the “Probable” category for chrysotile is not explained, and 
by analogy to their treatment of amphibole, it may mean 
that serpentine has been reported in the ore but it is not 
asbestiform (not chrysotile). If the presence of chrysotile is 
not qualified as “Possible” or “Probable,” we assume that 
chrysotile asbestos has been reported in the ore body by the 
reference provided.

Chrysotile is a thermodynamically metastable phase (Evans 
2004), and it is unlikely to exist without a massive serpentine 
host. That prediction is borne out by observation. Review of 
the documents on which IARC (2025a) relied for the data in 
their Table 1.1, and in our review of the literature of chryso
tile, we only found chrysotile reported as veins or masses 
within massive serpentine, i.e. an antigorite or lizardite host. 
Chrysotile was not listed in any talc ore by IARC in 2010, but 
in 2025, 24% (12 mine locations) of the deposits listed in 
Table 1.1 mention chrysotile as “present (3),” “probable(5),” or 
“possible(4).” It appears that this change has come about 
because “the Working Group assumed the possible presence 
of chrysotile when presence of serpentine was reported 
whether directly related to talc or not,” additional mines 
were included, or as a result of literature misreading. The 
details for each possible occurrence of chrysotile listed in 
Table 1.1 are given below:

1. Brazil, Bahia district, Chrysotile probable. In the 
Bahai district of Brazil, IARC references Gondim and Jiang 
(2004) in support of their determination that chrysotile was 
probably a component of the ore. However, Gondim and 
Jiang mention chrysotile only in association with vermiculite 
and Archean granulite basement rocks, not associated with 
major talc ores, and provide no reference or data to support 
the identification of chrysotile1. Elsewhere in Brazil in the 
Ponta and Castro mines, serpentine is mentioned but not 
chrysotile.

2. Brazil, Parana district, Ponta Gross and Castro 
mines, Chrysotile probable. In the Parana District of Brazil, 
IARC relies on Gondim and Jiang (2004) to support the prob
ability of chrysotile. Gondim and Jiang do not mention 
chrysotile although they do indicate serpentine (antigorite) 
can be found in the ore.

3. China, Liaoning Province, Chrysotile probable. Misch 
et al. (2018) were relied on to conclude that the industrial 
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talc deposits of Liaoning Province, China, have “probable 
chrysotile and possible tremolite” (IARC 2025a). However, the 
reference does not mention chrysotile at all, only mentioning 
serpentine as the source of jade deposits and not as a com
ponent of the ore. (The only mention of tremolite was from a 
magnesite mine, not a talc mine).

4. India, Rajasthan, Chrysotile possible. IARC states that 
chrysotile is possible in the Rajasthan district based on 
Shekhawat et al. (2010). However, Shekhawat et al. only men
tion chrysotile in massive serpentinite, not in talc ore.

5. Italy, Valmalenco, Chrysotile probable. At 
Valmalenco, Italy, Cavallo and Petriglieri (2020), the source 
relied upon by IARC (2025a), only mentions chrysotile as 
veins in serpentinite mined for building stone, not in talc ore. 
Serpentine is not reported as a component of talc ore.

6. Sweden, Handol Koli, Asan, Chrysotile probable. 
IARC relies on Bergman (1993) to conclude that chrysotile in 
the ore is probable. While serpentine is found in talc schists 
in the area, chrysotile is not mentioned. Furthermore, this ref
erence does not discuss talc mines.

7. USA, Georgia, Chatsworth district, Murray County, 
Chrysotile present. The reference that IARC relied on for the 
mineralogy of the Chatsworth district is Furcron et al. (1947). 
Furcron et al. mentions chrysotile “associated with talc” but 
relied on optical properties to identify it. If in this reference 
“associated with talc” means that the chrysotile they report is 
in veins in massive serpentinite, not talc ore, an optical iden
tification is probably valid, but if they were identifying 
chrysotile as a component in a talc ore, then this conclusion 
is questionable. The three forms of serpentine were not iden
tified until 1956, nine years after the Furcron et al. paper, 
when Whittaker and Zussman (1956) published the first 
determinative data for the serpentine polymorphs.

8. USA, Maryland, Piedmont belt, Chrysotile possible. 
IARC relied on Cleaves et al. (1974) and Greene (1995) for the 
mineralogy of this set of small talc deposits. Neither Green 
nor Cleaves mentions chrysotile and Cleaves does not discuss 
talc deposits.

9. USA, New York, Gouverneur District, St Lawrence 
County, Fowler, Chrysotile possible. IARC relied on a num
ber of sources for the mineralogy of this complex talc district 
including Wylie et al. (1997), IARC (2010), Van Gosen et al. 
(2004), and Gunter et al. (2018) to conclude that chrysotile is 
possible. None of the references support the presence of 
chrysotile. One of us, Ann Wylie, has studied the mineralogy 
of this deposit extensively and has never observed chrysotile. 
As stated earlier, the presence of serpentine alone is insuffi
cient to conclude that chrysotile will also be present, and 
this is an excellent example.

10. USA, New York, Lewis County, Natural Bridge, 
Chrysotile possible. IARC relies on Van Gosen et al. (2004) 
who do not mention Natural Bridge nor does IARC (2010), 
another reference. Engel (1949) describes the mineralogy but 
does not mention chrysotile. As part of the Gouverneur 
District, Natural Bridge has similar mineralogy to the rest of 
the district, including the presence of serpentine, with the 
exception that tremolite is not abundant (Engel 1949).

11. USA, Texas, Llano district, Chrysotile present. IARC 
relies on Van Gosen et al. (2004) for the presence of 

chrysotile. Chrysotile is mentioned as a component of some 
“serpentine masses,” not as a component of the ore.

12. USA, Vermont (Blackwall talc), Chrysotile present. 
To support the conclusion that chrysotile is present in the 
talc ore from Vermont, IARC relies on IARC (2010), Van Gosen 
et al. (2004), Gunter et al. (2018), and Egilman et al.(2020). 
Van Gosen et al. mention that chrysotile may be found in 
massive serpentinite but not in talc deposits. Gunter et al. 
report it possible to find antigorite in some mine products. 
IARC (2010) does not list serpentine as a component of the 
Vermont talc ores. The only reference to support chrysotile in 
talc is Egilman et al. who rely on supposed data NIOSH 
declined to publish and to legal proceedings, not peer 
reviewed literature for their conclusions.

IARC discusses studies of commercially available talc prod
ucts or commodities used for personal care products (pages 
84–88). Of these, several list chrysotile, including Bird et al. 
(2021), Paoletti et al. (1984), and Rohl et al. (1976). Although 
Bird et al. was published in 2021, this paper relies on com
pany documents from many years before, not independent 
studies. Lewin (1972) also report chrysotile in 7 out of 102 
commercial products studied by XRD. When analyzing talc 
containing small amounts of serpentine by XRD it is not pos
sible to tell in what form the serpentine occurs. (The criteria 
set out by Whittaker and Zussman in 1956 require a com
plete pattern, often not attainable with mineral mixtures.) 
The report states that optical examination was used to con
firm the presence of fibers, but no details as to what type of 
optical microscopy was used, what criteria were applied to 
identify particles as fibers, and how “fibers” were identified as 
chrysotile vs. other forms of serpentine or other minerals. 
Given that antigorite is not uncommon in some talc ores, it 
is most likely that Lewin incorrectly identified antigorite as 
chrysotile by XRD. Other studies that IARC lists were negative 
for chrysotile including Pi-Puig et al. (2020), Delgado et al. 
(2020), Cralley et al. (1968), and Ferret and Moreau (1990) 
and the lung burden study of Gordon et al. (2014).

The U.S. FDA routinely analyzes talc-based consumer prod
ucts. In 2019, the FDA reported finding three chrysotile fibrils 
in a single TEM mount of talcum powder (US FDA 2019). The 
laboratory routinely examines asbestos and is skilled in its 
identification. However, the finding was not reproduced by 
the laboratory or others that examined material from the 
same or similar batches. In such a case, sample contamin
ation cannot be ruled out, nor can the presence of chrysotile 
as a component of the ore be confirmed. Otherwise, chryso
tile has not been detected in FDA studies.

It may seem reasonable to assume that chrysotile is pre
sent in talc because they are both magnesium silicates and 
they sometimes occur in rocks of the same age and type. 
This is not a geologically supportable conclusion. Our review 
of all the references listed by IARC, as supporting the data in 
Table 1.1, shows that chrysotile has not been identified as a 
component of talc ore, and, with the single exception of the 
2019 FDA study, reports of chrysotile in talc products are 
confined to a time when chrysotile contamination was 
widespread.

From an understanding of mineralogy and petrology, it is 
not surprising that chrysotile is absent from talc ore. One 
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common way mineral talc forms in nature is from the loss of 
water on heating serpentine. Candela et al. (2007) reports 
that chrysotile can transform quickly to talc when it is heated 
above 500 C. As serpentine is transformed and talc is formed, 
chrysotile, a form of serpentine, would not selectively resist 
this transformation based on anything we know about the 
behavior of minerals.

4.1.7. General comments
IARC concludes that “asbestos is a common contaminant of 
talc” (136), and throughout the document, IARC expresses 
“concern about asbestos contamination” in interpreting evi
dence, including which studies to include or exclude based 
on this concern. The conclusion that asbestos is a common 
contaminant is not supported by the data given for the 
major talc deposits of the world in Table 1.1 where, of the 49 
deposits listed, only 4 have documented from the literature 
the presence of amphibole asbestos in the ore, including the 
Death Valley deposits from Grantham-Warm Spring and 
Alexander Hills in the Southern Death Valley, Dadeville 
Alabama and Soapstone Ridge, Georgia, and the Gouverneur 
district of NY, and, as noted above, none have chrysotile.

It is questionable how IARC was able to characterize avail
able toxicological information from the literature, clearly dis
tinguishing all possible combinations of various categories of 
talc when their compilation of the mineralogy of the talc 
sources was so flawed. Different toxicological studies 
attempted to utilize talc not contaminated with asbestos 
fibers. For example, pure microtalc not containing asbesti
form fibers was reportedly used in the NTP study in rats and 
mice, assessed below (NTP 1993). However, inconsistencies in 
Table 1.1 of the recent monograph show that unbiased char
acterization of all available studies is complicated and conclu
sions made by IARC on “pure talc” carcinogenicity lack 
mineralogical meaning.

The IARC definition of “pure talc” is qualitative, and there 
appears to be no attempts in Monograph 136 to distinguish 
between cosmetic and industrial talc, or to set up an analyt
ical threshold to specify the purity of talc. It is unclear if in 
the case of industrial talc whether IARC was able to deter
mine if “fibrous talc” (not considered to be asbestos) could 
be present in some of the tested samples and what impact 
could be expected from this component on the toxicity of 
talc. Monograph 136 has further complicated the interpret
ation of a “pure talc” concept instead of improving our 
understanding of its importance for toxicological studies.

4.2. Toxicokinetics of talc

The talc Monograph in 2025 recognized that there is a lim
ited level of transfer for talc particles between various com
partments of the animal or human body (IARC 2025a). The 
Monograph stated that inhaled talc is retained in the lungs, 
whereas talc that is injected intravenously is distributed sys
temically. In rodents, inhaled talc was not observed in other 
organs apart from the lungs; orally ingested talc was 
excreted shortly after dosing; and no or negligible intestinal 

absorption or translocation of talc to the liver and the kid
neys was observed.

The Monograph acknowledged that in humans, talc was 
identified at multiple pelvic sites distant from the perineum, 
but in most studies in animals, no translocation from the 
perineal region to the ovaries was reported. The absence of 
concordance between observations in humans and animals is 
noteworthy and may demonstrate that talc data on cancer in 
experimental animals should not be automatically interpreted 
as relevant for humans. Also, the lack of information on the 
mineralogy of particles found in the human pelvic site, pre
vents a clear toxicological assessment. For example, Johnson 
et al. (2020) stated that in tissues resected from ovarian car
cinoma patients, “many” particles were found that gave talc 
spectral signals on SEM/EDX microscopy. Also, “some” par
ticles identified as talc were found in the uterine tubes of 
patients. It is unclear what proportion of identified particles 
was detected as talc, what other types of particles were 
found in tissues, and what the background concentrations of 
talc and other particles were in tissue for the general popula
tion and for females with no ovarian carcinoma.

4.3. Data on cancer in humans

There are no significant changes in the assessment of the 
evidence for cancers in humans between talc Monographs 
from 2010 and 2025. The recent Monograph specifically 
stated that little (insufficient) evidence exists regarding a 
causal association between exposure to talc and mesotheli
oma, brain, prostate, cervical, breast, thyroid, or testicular 
cancer, as well as uterine, lung, digestive system, urinary, or 
lymphatic and hematopoietic cancers. Only evidence for the 
relationship of talc exposure with ovarian cancer in humans 
was found to have “limited” status. It should be seen, how
ever, that IARC continues to express significant and war
ranted caution toward the available data on the causative 
relationship between talc and cancer of the ovary, emphasiz
ing that “bias and confounding by asbestos exposure could 
not be ruled out with reasonable confidence” (IARC 2025a).

Earlier, Boon et al. (2024) performed a systematic review 
of the epidemiological evidence on talc and cancer. The 
authors demonstrated that with only one exception (Chang 
et al. 2019), no studies had direct exposure measurements 
for any individuals, though some used semi-quantitative 
exposure metrics, and few studies adequately assessed 
potential confounders. The only consistent associations were 
with ovarian cancer in case-control studies, and these associ
ations were likely impacted by recall bias. This systematic 
review indicated that epidemiology studies do not support a 
causal association between occupational or personal talc 
exposure and any cancer in humans. The authors also 
emphasized that in the only study in which the dose of talc 
was at least partly quantifiable (Chang et al. 2019), the risk 
increase was eliminated when a latency of at least 5 years 
from intake to the development of cancer was considered. It 
should be noted that the Chang et al. publication relates not 
to ovarian but to stomach cancer.
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As Goodman et al. (2020) argued, the hypothesis that talc 
exposure induces ovarian cancer is only supported if one dis
counts the null results of the cohort studies and the fact that 
significant bias and/or confounding are likely reasons for the 
associations reported in some case-control investigations. An 
alternative hypothesis that talc does not produce ovarian 
cancer, and that bias and confounding contribute to the 
reported positive associations in case-control studies, is bet
ter supported by the evidence across disciplines. Goodman 
et al. concluded that the evidence does not support a causal 
association between perineal talc use and ovarian cancer. 
Additionally, Goodman et al. (2024), using data from the 
Cramer et al. (2016) case-control study, demonstrated that 
recall bias alone may have a large impact on risk estimates. 
In this case, most scenarios demonstrate that recall bias 
results in a bias away from the null. It is likely that this bias 
has affected other case-control studies in a similar manner, 
because they have all used similar methods to estimate 
exposure.

It is important that IARC performed its own quantitative 
analysis of the bias in the case-control studies for talc and 
ovarian cancer as a part of its Monograph 136. Table A2.4
from the IARC study shows that based on quantitative bias 
analysis, the lower 95% confidence interval of the meta- 
relative risk (RR) for ovarian cancer and talc usage was lower 
than 1 or equal to 1 (not statistically significant) for all three 
involved experts (who independently evaluated sensitivity 
and specificity estimates for 15 studies). Nevertheless, IARC 
concluded that there was evidence of a positive association 
between talc exposure (based upon the findings of studies 
on perineal application of talc-based body powder) and ovar
ian cancer and that this association was not likely to be 
explained by chance. However, IARC stated that, although 
there was adjustment for most risk factors for ovarian cancer, 
bias from differential exposure misclassification and con
founding by asbestos contamination of the talc could not be 
ruled out with reasonable confidence (IARC 2025a).

It is clear that several aspects of the evaluation of ovarian 
cancer relationship to talc exposure remain controversial. 
First, no cohort studies, which remain the source of the most 
reliable epidemiological information, have ever confirmed the 
association between pure talc exposure and cancer in 
humans. Second, while some studies have detected the pres
ence of talc in the tissues of ovarian cancer patients, a direct 
relationship between talc exposure and disease has not been 
established, and no statistically significant difference in talc 
concentrations has been found between cancer patients and 
control groups. Third, the IARC Monograph confirmed poten
tial biases and confounders in case-control studies on talc.

For “limited” evidence of carcinogenicity in humans, the 
IARC Preamble sets the following criteria: “A causal interpret
ation of the positive association observed in the body of evi
dence on exposure to the agent and cancer is credible, but 
chance, bias, or confounding could not be ruled out with rea
sonable confidence.”

In our opinion, “chance, bias, and confounding” signifi
cantly affect the credibility of a causal interpretation for posi
tive association between exposure and cancer. As 
Wentzensen and O’Brien (2021) stated, “the epidemiological 

data from case-control studies and cohort studies suggest 
that there may be a small, positive association between geni
tal powder use and ovarian cancer. The causal factors under
lying this association are not clear. Proposed factors include 
talc, other minerals, such as asbestos or quartz, that are 
known carcinogens and may contaminate talc products, or 
other powder ingredients that could cause inflammation of 
the reproductive tracts.” It is reasonable to conclude that for 
talc and ovarian cancer, “there are studies of sufficient quality 
available in humans, but their results are inconsistent or 
otherwise inconclusive” (IARC 2019a). For ovarian cancer in 
humans, this would classify pure talc as “inadequate” rather 
than “limited” based on IARC’s own criteria. As we mentioned 
before, IARC acknowledged the lack of data to support any 
causal association for pure talc and other types of cancer.

4.4. Evidence on cancer in experimental animals

The IARC assessment of the weight of evidence for cancer in 
experimental animals exposed to talc also remains controver
sial. Both Monographs 93 and 136 rely on a single large-scale 
inhalation study on talc in rats and mice performed by the 
Lovelace Biomedical and Environmental Research Institute 
(NTP 1993). The study included talc administration by inhal
ation in male and female F344/N rats. In females, talc caused 
malignant pheochromocytoma, benign or malignant pheo
chromocytoma (combined), bilateral benign pheochromocy
toma, and bilateral malignant pheochromocytoma of the 
adrenal medulla; and bronchioloalveolar carcinoma, and 
bronchioloalveolar adenoma or carcinoma (combined). In 
males, talc caused benign, malignant, or complex pheochro
mocytoma (combined) of the adrenal medulla. In the same 
study, no neoplastic outcomes were found in exposed mice.

The results of the NTP study in male and female rats are 
summarized in Table 2.

Monograph 136 stated that the occurrence of tumors in 
this study was considered “unusual” because of the following 
findings: (i) the significant increase in the incidence of bilat
eral benign pheochromocytoma and bilateral malignant 
pheochromocytoma of the adrenal medulla in females; and 
(ii) the development of tumors in the adrenal medulla after 
exposure to talc by inhalation in both sexes (IARC 2025a).

However, pheochromocytoma in rats is not a rare finding 
for inhalation studies. For example, Ozaki et al. (2002) dem
onstrated a correlation between inhalation exposure in simi
lar NTP-related studies in rats and pheochromocytoma for 
numerous agents including nickel oxide (IARC Group 1), 
cobalt sulfate (IARC Group 2B), indium phosphide (IARC 
Group 2 A), and nickel subsulfide (IARC Group 1). In exposure 
to gallium arsenide (IARC Group 1) and molybdenum trioxide 
(IARC Group 2B), incidence of pheochromocytoma also 
increased with severity of lung fibrosis and inflammation. It 
was demonstrated that lung fibrosis, inflammation, and hyp
oxemia play a role in pheochromocytoma development in 
rats.

At the same time, Oberd€orster (1995) noted that the lungs 
of rats in the study were overloaded by particle exposure, 
signifying a possible misinterpretation of the outcomes of 
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the study that were erroneously associated with talc expos
ure instead of general dust burden. In Table 2, the volumetric 
lung burden of talc can be compared to a value of 1 ml per 
rat lung that Morrow (1992) suggested to be an indicator of 
dust overload. As can be seen the exposure level of 18 mg/ 
m3, the volumetric lung burden in male rats exceeded the 
overload indicator by a factor of 15.23, and in female rats by 
a factor of 10.65.

Also, Oberd€orster concluded that pheochromocytoma 
rates in rats were elevated in experimental groups as well as 
in controls, and this endpoint was unrelated to inhalation 
exposure. One of the author’s of this paper, Dr. Ann Wylie, 
was a member of the IARC Panel in 2006 where the disquali
fication of experimental data as support for a carcinogenic 
designation in animals, when significant overload was a fac
tor, was discussed and accepted. For this reason, the panel in 
2006 (IARC 2010) did not rely on the NTP study to establish 
carcinogenicity of talc. It is noteworthy that current IARC 
monographs have not discussed the previous IARC assess
ment of pheochromocytoma as irrelevant for human carcino
genicity and just applied a new qualification to this tumor as 
“unusual”.

The statement that elevated pheochromocytoma in female 
rats is highly unusual should also be considered incorrect. 
Based on Ozaki et al. (2002), pheochromocytoma rates in 
both female and male rats were elevated in exposure to 
nickel subsulfide, nickel oxide, indium phosphide, and cobalt 
sulfate. What was unusual, however, is the rate of pheochro
mocytoma in control rats for the talc study. The rate of this 
tumor (benign, malignant, or complex) in unexposed rats was 
53% for males and 27% for females, while the typical rates of 
spontaneous tumors in F344/N rats is 31.9% in males and 
5.1% in females (Haseman et al. 1998). In a similar NTP- 
related study for nickel oxide, the rate of all types of pheo
chromocytoma in control female rats was 8% (NTP 1996), 
and in an indium phosphide study it was 4% (NTP 2001). It 
appears that all rats in the talc study were affected by some 
unreported factors that elevated the level of pheochromocy
toma. It is noteworthy that Tischler et al. (1999) reported 
pheochromocytoma in rats induced by vitamin D3. Presence 
of an unknown dietary, environmental, or genetic factor that 
could affect incidence of pheochromocytoma in male and 
female rats in the talc study could significantly change the 
statistics. Also, statistically significant elevation of the pheo
chromocytoma rate in male and female rats was observed 
only at the highest dose of talc (18 mg/m3), that was sug
gested to exceed the maximum tolerated dose (MTD) (see a 
the summary of technical reports review subcommittee meet
ing in NTP 1993) and to cause lung dust overload that would 
be expected to lead to significant pulmonary effects in rats 
(Morrow 1992). As Prueitt et al. (2024) noted in this regard, 
talc carcinogenicity has only been observed in one study in 

rats under conditions of lung particle overload, which is not 
relevant to human exposures. Lung particle overload is a 
nonspecific effect of high exposures to poorly soluble par
ticles of low toxicity (PCPT), and lung tumors observed under 
such conditions are not indicative of any carcinogenic prop
erties of the particles themselves.

Recently, ECHA RAC (ECHA/RAC 2025), in its own assess
ment of talc carcinogenicity, expressed certain doubts about 
the interpretation of dust burden in rats for the NTP study. In 
particular, it was suggested that the definition of lung dust 
overload is not fully determined in science, and also that the 
status of talc as a PSPT compound is questionable because 
of its alleged proinflammatory properties. In contrast, Bevan 
et al. (2018) demonstrated that inhalation of a high concen
tration of dust can lead to pro-inflammatory responses and 
pulmonary toxicity in different species, which are not predict
ive of human carcinogenicity.

Nevertheless, RAC concluded that the finding of pheochro
mocytoma in rats for talc study should be assigned “less 
weight” for humans (because of the absence of any epi
demiological information, as well as a disproportionally high 
incidence of the tumor in control rats). The significant 
emphasis that IARC made for this rare and genetically driven 
condition as a reason to elevate the weight-of-evidence for 
the data on talc carcinogenicity in experimental animals is 
not supported by scientific assessment. Also, in contrast to 
IARC, the RAC report classified the evidence of talc carcino
genicity in experimental animals as “limited”.2

IARC established that the following criteria constitute suffi
cient evidence for talc’s carcinogenicity in experimental ani
mals: “A causal relationship has been established between 
exposure to the agent and cancer in experimental animals 
based on an increased incidence of malignant neoplasms or of 
an appropriate combination of benign and malignant neo
plasms in (a) two or more species of animals or (b) two or 
more independent studies in one species carried out at differ
ent times or in different laboratories and/or under different 
protocols. An increased incidence of malignant neoplasms or 
of an appropriate combination of benign and malignant neo
plasms in both sexes of a single species in a well-conducted 
study, ideally conducted under Good Laboratory Practices 
(GLP), can also provide sufficient evidence. Exceptionally, a sin
gle study in one species and sex may be considered to provide 
sufficient evidence of carcinogenicity when malignant neo
plasms occur to an unusual degree with regard to incidence, 
site, type of tumor, or age at onset, or when there are marked 
findings of tumors at multiple sites” (IARC 2019a). The criteria 
for sufficient evidence were not met because the incidence of 
pheochromocytoma in rats is irrelevant for evaluating inhal
ation exposure. Rather than elevating the limited evidence 
from the only available single-species GLP study, it should be 
agreed that “there are unresolved questions about the 

Table 2. Neoplasms in rats from the NTP study and estimation of lung burden.

Male Female

Exposure concentration (mg/m3) 0 6 18 0 6 18
Bronchioalveolar adenoma/carcinoma (cases/total animals) 0/49 1/50 2/50 1/50 0/50 13/50
Pheochromocytoma (benign and malignant) (cases/total animals) 26/49 32/48 37/47 13/48 14/47 23/49
Volumetric lung burden of talc in rats at month 24 of observations (ml/lung) (Oberd€orster 1995) 0 6.59 15.23 0 2.23 10.65

CRITICAL REVIEWS IN TOXICOLOGY 879



adequacy of the design, conduct, or interpretation of the avail
able studies.” This would keep the classification at “limited,” 
though the “inadequate” status may be more appropriate.

4.5. Mechanistic evidence

The search for mechanistic evidence of the carcinogenicity of 
various agents is driven by the need for expanded methodo
logical approaches to testing, as traditional human epidemi
ology and animal experimentation face future limitations, 
especially with difficulties in organizing human studies and the 
international movement to limit testing on laboratory animals 
(Rusyn and Wright 2023; Van der Laan and Manuppello 2024).

Studies in recent decades enriched our knowledge of the 
mechanisms of carcinogenicity in humans and animals, sug
gesting that there are numerous pathways for cancer develop
ment. While the initiating or early key events (e.g. receptor 
binding, DNA adduct formation) vary depending on the chem
ical, the broader biological processes—such as mutation accu
mulation (whether through direct mutagenic action or by 
increasing the likelihood of spontaneous mutations), enhanced 
cell replication, and immortalization—are common features 
across all carcinogens. In addition, rodent mode-of-action 
studies show that some chemicals act through DNA reactivity 
and mutagenesis, others through receptor-mediated processes 
such as hormonal disruption or growth receptor modulation, 
and many through induced sustained cytotoxicity/inflamma
tion leading to regenerative proliferation, a MoA frequently 
observed in different rodent tissues after sustained high chem
ical exposures (Basu 2018; Hwa Yun et al. 2020; Sohrab et al. 
2023; Alyafeai et al. 2024). However, there is no indication that 
separate toxicological characteristics (like induction of inflam
mation) can be considered separately from other characteris
tics in determining carcinogenicity.

Becker et al. (2025) demonstrated that separated KCC char
acteristics cannot characterize chemical agents as carcinogenic 
or non-carcinogenic. The authors showed that as much as 50% 
of classified carcinogens do not exhibit KCCs, while other 
chemicals not known to evoke cancer often do. Furthermore, 
across the sets of KCCs (cardiovascular toxicants, endocrine 
disrupting chemicals, female reproductive toxicants, hepato
toxicants, immunotoxicants, male reproductive toxicants, and 
aging) there is considerable redundancy, indicating that many 
other toxicities unrelated to cancer may be mediated by simi
lar toxicity pathways and biological responses.

The talc monograph by IARC attempted to assign a “strong” 
status to mechanistic evidence for talc carcinogenicity. IARC 
determined that there is strong indication of talc causing 
chronic inflammation (KC6) and altering cell proliferation and 
cell death (KC10). IARC also found “suggestive” evidence that 
talc can cause oxidative stress (KC5) and immunosuppres
sion (KC7).

However, the “suggestive” characteristics mentioned for 
talc should be treated with caution. For example, earlier, 
Fontan et al. (1983) found that subcutaneous talc-induced 
granuloma in mice apparently secreted protein that fully pro
tected mice against Listeria monocytogenes, indicating 
immunostimulatory effect. This means that talc may initiate 

immunostimulatory, rather than immunosuppressive effects 
(KC7), depending on specific conditions. For oxidative stress, 
IARC noted that there are limited numbers of relevant studies 
and some of the reported endpoints of oxidative stress are 
known to be of low specificity (IARC 2025a).

At the same time, based on the IARC analysis, there is no 
data at all that would associate other key mechanistic charac
teristics of carcinogens with talc exposure. In particular, IARC 
concludes that there is no relevant data that would confirm 
talc as genotoxic (KC2), causing alteration of DNA repair and 
genetic instability (KC3), and/or epigenetic alteration (KC4) 
etc. (IARC 2025a).

Apparently, IARC does not have any methodology that 
would require specific combinations or minimal number of 
mechanistic evidence characteristics to reach a conclusion 
about a potential carcinogenicity of the agent. Conclusions 
that a substance may be carcinogenic to humans should be 
treated cautiously when based on unspecified decision- 
making algorithms that permit broad differences in how the 
same data are interpreted.

In introducing mechanistic evidence into the classification 
process, IARC emphasized earlier that relying on single charac
teristics may be misleading for overall carcinogenicity when a 
mode of action is not demonstrated. In the IARC publication 
(IARC 2019b), it was argued that “[c]ertain types of inflamma
tory processes in skin, and possibly in other tissues, may serve 
a tumor suppressor function.” Also, despite extensive inflam
mation, activation of nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-jB), and abundant proliferation of bile 
ducts in portal spaces, Mdr2 knockout mice rarely develop 
tumors of the bile duct (as was demonstrated by Nickoloff 
et al. 2005, quoted by IARC). It was emphasized by IARC publi
cations (IARC 2019b) that many of the indicators of changes in 
cell proliferation or cell death rates are nonspecific for the 
induction of cancer. Also, as Nishida and Andoh (2025) stated 
recently, “inflammation plays a dual role in cancer biology. 
While it can foster tumor growth by creating an environment 
rich in cytokines and growth factors that enhance cancer cell 
survival and proliferation, it can also activate antitumor 
immune responses, a mechanism harnessed in cancer 
immunotherapy.”

Another example of single mechanistic characteristics not 
being predictive of carcinogenicity can be found in studies 
on dust overload in rats. For example, exposure to a very 
high dose of both titanium dioxide or carbonyl iron particles 
was reported to cause sustained pulmonary inflammation, 
enhanced proliferation of pulmonary cells, impairment of par
ticle clearance, deficits in macrophage function, and the 
appearance of macrophage aggregates at sites of particle 
deposition (Warheit et al. 1997). At the same time, titanium 
dioxide is an agent from Group 2B by IARC, but carbonyl iron 
is not mentioned in any current IARC documents.

It is not just a single key characteristic, but their interplay, 
that most probably is indicative of carcinogenicity. This fact 
can be illustrated based on a statistical analysis, which we 
demonstrated using several approaches, as described in the 
Materials and methods section and below.

880 A. A. KORCHEVSKIY AND A. G. WYLIE



4.5.1. General quantitative characteristics of the variables
We found that, among the 184 substances classified as 
Group 1 carcinogens in our analysis, none shared the same 
two characteristics observed for talc (KC6 and KC10) without 
also having at least one other parameter (KC1, KC2, KC3, KC4, 
KC8, or KC9), characteristics that have not been identified or 
suggested for talc.

For Group 2 A, there is only one agent (night shift work) 
that has evidence for characteristics KC6, KC10, and KC7, with 
no other characteristics mentioned. However, as we noted 
above, KC7 is not a confirmed parameter for talc (both 
immunostimulation and immunosuppression were reported). 
Talc’s KCC profile does not align with the patterns observed 
in our analysis for agents classified as carcinogenic or prob
ably carcinogenic to humans.

Table 3 provides probability values for Group 1 classifica
tion for carcinogens on each of the key characteristics.

As shown in Table 3, only the parameter KC2 (genotoxic
ity) is self-sufficient to fully predict the status of confirmed 
human carcinogenicity (in 9 from 97 Group 1 agents ana
lyzed). All other key characteristics had to be accompanied 
by at least one additional parameter to confirm human car
cinogenicity. This finding is not surprising given that the 
majority of the chemical agents in IARC’s Group 1 are DNA 
reactive mutagens or direct genotoxins (albeit some Group 1 
agents act through alternative mechanisms).

4.5.2. Principal component analysis (PCA)
We performed a principal component analysis (PCA) for the 
ten key characteristics and the variable reflecting classifica
tion of the agent as Group 1 carcinogenic in humans or not.

Table 4 shows linear correlations between ten key charac
teristics and Group 1 (Yes/No) variable.

Table 4 shows that only one pair of parameters in our 
analysis can be considered as having medium strength of 
correlation (parameter KC2 and Group 1). Only week correla
tions exist between Group 1 parameter and “talc” pool of 
characteristics. We do not expect the linear relationship 
between parameters to significantly affect the outcomes of 
the PCA.

We used 4 principal components (factors) to project 11 
initial characteristics. The result of the analysis is demon
strated in Figure 2 (a – the factor-plane 1� 2, b – the factor 
plane 3� 4). A total of 63.7% of all variation of all parameters 
is explained by these 2 planes, with other factors being 
minor. The plane 1� 2 shows the coordinates of variables for 
components 1 and 2, and plane 3� 4 for components 3 
and 4.

As we demonstrated, at the main 1� 2 factor plane, con
firmed carcinogenicity in humans is associated with four key 
characteristics in the left upper quadrant (KC1, KC2, KC3, and 
KC9). Three parameters appear to be closest to Group 1 vari
able: KC2 (genotoxicity), KC3 (alteration of DNA synthesis), 
and KC9 (immortalization). All four talc-related key character
istics belong to another quadrant, not correlated with human 
carcinogenicity outcome.

For the second projection (3� 4 factor plane), Group 1 is 
associated with one of the possible talc-related parameters 
(KC7, immunosuppression), as well as with parameter KC9 
(immortalization), but not with the other three parameters in 
the “talc list”: KC5, KC6, and KC10 are all in a different quad
rant. It should also be noted that the immunosuppression 
parameter is not confirmed for talc, and talc appears to 

Table 4. Correlation between variables used for PCA (highlighted correlations are statistically significant at p< 0.05).

Variable

Correlations

KC1 KC2 KC3 KC4 KC5 KC6 KC7 KC8 KC9 KC10 Group 1

KC1 1.00 0.41 0.16 0.26 0.13 0.07 0.07 0.01 0.02 0.25 0.21
KC2 0.41 1.00 0.31 0.32 0.36 0.24 0.08 0.05 0.33 0.39 0.69
KC3 0.16 0.31 1.00 0.39 0.35 0.26 0.11 0.03 0.34 0.39 0.33
KC4 0.26 0.32 0.39 1.00 0.35 0.31 0.22 0.22 0.28 0.39 0.46
KC5 0.13 0.36 0.35 0.35 1.00 0.37 0.33 0.23 0.21 0.36 0.27
KC6 0.07 0.24 0.26 0.31 0.37 1.00 0.10 0.07 0.09 0.32 0.26
KC7 0.07 0.08 0.11 0.22 0.33 0.10 1.00 0.31 0.16 0.24 0.20
KC8 0.01 0.05 0.03 0.22 0.23 0.07 0.31 1.00 −0.03 0.27 0.09
KC9 0.02 0.33 0.34 0.28 0.21 0.09 0.16 −0.03 1.00 0.34 0.42
KC10 0.25 0.39 0.39 0.39 0.36 0.32 0.24 0.27 0.34 1.00 0.26
Group 1 1.00 0.41 0.16 0.26 0.13 0.07 0.07 0.01 0.02 0.25 1.00

Table 3. Probability of each of the key characteristics in the group 1 carcinogens.

Characteristic
Average probability (standard deviation),  

(bootstrap 95% CI)

Average probability of the characteristic if all other  
characteristics are absent (standard deviation),  

(bootstrap 95% CI)

KC1 0.38 (0.49), (0.29, 0.49) 0
KC2 0.96 (0.20), (0.92, 0.99) 0.89 (0.33), (0.57, 0.98)
KC3 0.25 (0.44), (0.17, 0.35) 0
KC4 0.37 (0.49), (0.28, 0.48) 0
KC5 0.48 (0.50), (0.38, 0.59) 0
KC6 0.36 (0.48), (0.27, 0.46) 0
KC7 0.23 (0.43), (0.15, 0.32) 0
KC8 0.12 (0.32), (0.05, 0.18) 0
KC9 0.31 (0.46), (0.21, 0.40) 0
KC10 0.53 (0.50), (0.44, 0.63) 0
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express itself as both immunostimulating and immunosup
pressing (see section 4.5.1).

While PCA does not conclude that specific combinations 
of variables (key mechanistic characteristics) are predictive of 
cancer outcomes, it does illustrate the minor role of the “talc” 
combination of variables, and emphasize that a MoA function 
(relationship between separate variables) is lacking in any 
assessment that would claim parameters KC6 and KC10, 
along with KC5 and KC9, as predictors of cancer 
development.

4.5.3. CART analysis
The results of CART analysis with 5-fold cross-validation are 
demonstrated in Figure 3. The obtained tree shows a bal
anced accuracy of 0.76.

As we noted above, the CART approach recursively divides 
the data into two near-homogenous daughter nodes accord
ing to a split point that maximizes the reduction in impurity 
along a particular variable.

The following parameters are listed in the diagram in 
Figure 3:

Figure 3. The CART analysis for key characteristics and group 1 cancer outcome.

Figure 2. The results of principal component analysis (PCA) for key mechanistic characteristics of carcinogenicity. a) First factor plane. b) Second factor plane.
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Gini: Coefficient that determines the heterogeneity of the 
samples that reached a given node. A higher gini implies a 
more heterogeneous sample.

Samples %: Out of all samples, specifies the percent that 
reached a given node.

Value: The first number is the fraction of samples belong
ing to class 0, and the second is the fraction belonging to 
class 1, when reaching the specified node.

Class: predicted class.
5-fold CV: We divided the data into 5 equally sized “folds.” 

We trained on 4 of the folds, using the remaining one to val
idate. Then, we rotated until each fold had been used to val
idate, using the average score between all fold combinations 
to evaluate the model’s performance. In our case, we used 
the “balanced accuracy” method to score each tree, meaning 
equal weight was given to each class when evaluating 
accuracy.

As shown in the diagram, parameter KC2 plays the major 
role in the classification of the agents as class 0 (not a Group 
1 carcinogen) vs. class 1 (Group 1 carcinogen). The combin
ation of KC2¼ 0 and KC7¼ 1 provides classification of talc as 
non-Group 1 agent. The combination of KC2¼ 0, KC ¼ 0, and 
KC10¼ 1 also provides a classification of talc as non-Group 1 
agent.

4.5.4. Correlations between various combinations of key 
characteristics and the group 1 outcome
In addition, we can compare different combinations of mech
anistic characteristics to elucidate possible pathways of car
cinogenicity in humans, vs. the concept of “isolated” 
parameters employed by IARC. We tested all possible combi
nations containing 2 to 4 parameters. Then we calculated a 
“score” for every agent, as a sum of all parameters in a com
bination. The result was correlated with the variable indicat
ing that the agent is classified as a Group 1 carcinogen. All 
combinations were sorted by Spearman rank correlation 
(used because of unwarranted normality of the variables).

The results of the analysis are demonstrated in Table S2.
The highest correlation (R¼ 0.76, p< 0.05) was achieved 

for the combination of KC2 (genotoxicity), KC4 (epigenetic 
alteration), and KC9 (immortalization). The combination of 
three parameters that we determined as being close to the 
Group 1 variable (KC2, KC3, and KC9) by PCA is in the 9th 
place for Spearman correlation with R¼ 0.72, p< 0.05. The 
combination of KC5, KC6, KC7, and KC10 (as for worst-case 
assumption on talc) has the rank 311 among 375 combina
tions, with a weak correlation coefficient of R¼ 0.38. The 
combination of KC6 and KC10, which was estimated as carry
ing “strong” mechanistic evidence by IARC, is in the 352nd 
place for relevancy (R¼ 0.33).

4.5.5. Logistic regression
We also constructed a combined “scores” reflecting the num
ber of positive parameters for each agent from the pool of 
key characteristics (KC5, KC6, KC7, KC10), and from the pool 
of all other characteristics.

Logistic regression can be developed to predict carcino
genicity outcome for each agent based on the scores, as well 
as on the level of evidence for cancer in humans and 
animals.

The logistic regression is applicable to the available data 
by using two “scores” (“talc” characteristics and “non-talc” 
characteristics”), and weight-of-evidence data from human 
and animal studies. The outcome variable (Group 1 or not 
Group 1) is binary. Also, we found that all independent varia
bles in our model had a variance inflation factor (VIF) of less 
than 5.

The results of the logistic regression are provided in 
Table 5.

The following diagnostics for the logistic regression have 
been derived:

Log-Likelihood: −17.7531
AIC: 45.5062 BIC: 61.5808
AUC (c-statistic): 0.9937
95% CI for AUC (bootstrap, n¼ 2000): [0.9844, 0.9992]
Somers’ D: 0.9875
Brier Score: 0.027286
Only the “cancer in humans” variable and second pool of 

characteristics (not found in talc studies) appear to be pre
dictive of the Group 1 classification.

4.5.6. Review of the mechanistic evidence
Our statistical analysis confirms that not every one of the key 
characteristics is predictive of cancer outcomes. However, 
specific combinations of mechanistic characteristics can be 
indicative of cancer outcomes. These combinations should 
reflect specific MoA for cancer, such as genotoxicity, disrup
tion of DNA repair, and cell immortalization. It is also obvious 
that statistical analysis can play only a supportive role in 
determining possible pathways to cancer, and only toxico
logical studies can confirm that a specific chain of events 
would actually exist in each case.

The IARC Monograph on talc has not provided any 
hypothesis on the chain of events, or MoA, for the alleged 
carcinogenicity of talc. It can be assumed that chronic inflam
mation is seen by IARC as a possible key event in the alleged 
talc-related carcinogenicity, with cell proliferation and inhib
ition of apoptosis seen as cancer promoting effects. However, 
this combination of these events without other confirmed 
characteristics (like genotoxicity, genomic instability, alter
ation of DNA repair, epigenetic alteration, modulation of 
receptors, and/or immortalization of cells) is an outlier among 

Table 5. Logistic regression for prediction of confirmed carcinogenicity of various agents (Group 1 vs. other) (statistically significant parameters highlighted).

Variable Coefficient 95% CI, lower 95% CI, upper Standard error Z P value

Intercept 27.52 211.74 23.30 2.15 23.49 0.0005
Cancer in humans-evidence 4.38 2.59 6.18 0.92 4.79 0.0000
Cancer in animals-evidence −0.12 −1.51 1.27 0.71 −0.17 0.8646
First pool of characteristics (KC5, KC6, KC7, KC10) −0.23 −1.08 0.62 0.43 −0.52 0.6013
Second pool of characteristics (KC1, KC2, KC3, KC4, KC8, KC9) 2.31 1.15 3.48 0.59 3.89 0.0001
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other IARC-designated carcinogenic agents. This fact should 
call for additional studies rather than for the immediate 
reclassification of talc in the IARC hierarchy. Interestingly, 
IARC stated, for example, that though “numerous reports” 
described chronic inflammation in humans, allegedly caused 
by talc, “none of the reviewed studies directly evaluated 
mechanistic endpoints of chronic inflammation per se caused 
by exposure to talc independently of other known risk 
factors … ” (IARC 2025a). Also, if inflammation were a key 
effect of carcinogenicity for a specific agent, it should imply 
the existence of an exposure threshold (Cox et al. 2020). This 
discussion should be a part of the IARC evaluation, but it is 
excluded along with other essential risk assessment ques
tions. In general, it is very difficult to see the status of mech
anistic evidence for talc carcinogenicity as “strong” and 
should be considered “limited” or “inadequate” without add
ition of data from studies that would explore key characteris
tics for this agent in their interaction, rather than separately.

There is ongoing debate in the scientific community regard
ing the strengths and limitations of the IARC’s KCC approach 
to evaluating chemical mechanisms. In particular, Becker et al. 
(2017) demonstrated that high throughput mechanistic char
acteristics of carcinogens predict cancer outcomes not better 
than chance. Goodman et al. (2025) noted that relying on 
mechanistic evidence alone to classify an agent as a possible 
or probable carcinogen, IARC diminishes the usefulness of its 
classifications and makes it impossible to distinguish human 
carcinogens from non-carcinogenic agents. Smith et al. (2021) 
suggested that KCCs “seem likely to confuse the unsatisfactory 
correlation from testing regimes that have ignored the differ
ences evident when cellular changes are compared in short 
and long-lived species, with their very different stem cell and 
somatic cell phylogenies. The proposed characteristics are so 
broad that their use will lead to an increase in the current 
unacceptably high rate of false positives.”

While IARC claims that introduction of mechanistic evi
dence for its assessment is a significant step forward, we can 
see that the ten key characteristics provide very approximate 
and patchy reflection of carcinogenicity processes, not allow
ing for full quantitative assessment or for determination of 
MoA in cancer.

IARC concluded that there is strong evidence that talc 
exhibits key characteristics of carcinogens in human primary 
cells and experimental systems. There is obviously no data 
on key characteristics expressed directly in exposed humans 
(but only in human primary cells). Only for cell proliferation, 
cell death, or nutrient supply are there some available data 
on talc effects in primary human cells. For other claimed key 
characteristics (chronic inflammation; immunosuppression; 
and oxidative stress), IARC reported that “there is a paucity 
of data” in human primary cells (IARC 2025a).

According to IARC, the following criteria constitute the 
“strong” level of mechanistic evidence: “Results in several dif
ferent experimental systems are consistent, and the overall 
mechanistic database is coherent. Further support can be 
provided by studies that demonstrate experimentally that the 
suppression of key mechanistic processes leads to the sup
pression of tumor development. Typically, a substantial num
ber of studies on a range of relevant end-points are available 

in one or more mammalian species. Quantitative structure– 
activity considerations, in vitro tests in non-human mamma
lian cells, and experiments in non-mammalian species may 
provide corroborating evidence but typically do not in them
selves provide strong evidence. However, consistent findings 
across a number of different test systems in different species 
may provide strong evidence” (IARC 2019a). For talc, there is 
no confirmation of the chain of events that would make the 
information on key characteristics consistent in predicting 
cancer in humans. The majority of key characteristics are 
negative for talc, and several characteristics that claimed to 
be confirmed or suggestive do not provide a coherent path
way for cancer development. In particular, it is unclear how 
IARC could claim that mechanistic evidence is strong in 
human primary cells when limited data were available for 
only one key characteristic (KC 10). The “limited” status of 
evidence would be more reasonable by IARC’s own criteria.

5. Summary

We explored the new evaluation of talc not containing asbes
tiform fibers as performed by IARC. This evaluation is one of 
the most recent in the series of IARC Monographs that cur
rently includes more than 1,000 agents. As shown, the talc 
Monograph reflects many of the issues typical for overall pro
cess of IARC assessments.

It appears that IARC invested a lot of effort into the 
reevaluation of talc carcinogenicity. It is noteworthy that 
Volume 136 which includes talc and acrylonitrile, was initially 
published only partially (for talc only with no acrylonitrile) in 
July of 2025 with obvious attempts to announce the evalu
ation as early as possible. The full monograph was issued in 
September of 2025.

Analysis by Boon et al. (2024) demonstrated that a signifi
cant number of new epidemiological studies (about 24) have 
been published on the issue of talc and cancer in humans 
since 2010 when IARC issued its previous evaluation. However, 
the systematic review of data for this period indicated that epi
demiological studies do not support a causal association 
between occupational, medicinal, or personal talc exposure 
and any cancer in humans. While IARC might have an interest 
in reviewing the new set of published human data, it is unclear 
if the need for reclassification existed at all. It was well known 
that no new major studies in animals had been performed 
since the publication of the last talc Monograph in 2010, and 
the data on cancer in humans, specifically for ovarian cancer, 
remained of limited quality. The facts on the mechanistic evi
dence for talc were also well known in 2006.

The statistical analysis performed confirmed that mechan
istic evidence used by IARC to substantiate talc carcinogen
icity is irrelevant for the suggested outcome. Two key 
characteristics that appear to be supported by IARC for evi
dence in the case of talc do not correlate with human car
cinogenicity variable and appear not to be statistically 
significant when analyzed along with other characteristics. 
Two parameters that are claimed to be suggestive do not 
add to the statistical predictability for human carcinogenicity.

884 A. A. KORCHEVSKIY AND A. G. WYLIE



In its assessment, IARC clearly distinguished pure talc from 
talc contaminated with asbestiform elongate mineral par
ticles. It should be emphasized that non-asbestiform elongate 
particles (so-called “cleavage fragments”) that can be occa
sionally detected in some of talc samples are not carcino
genic (as IARC clearly stated in its Monograph 100 C) (IARC 
2012). IARC also correctly stated in Monograph 136 that 
fibrous talc particles are “not asbestos” (IARC 2025a). This is 
why pure talc, independent of the morphology of its par
ticles, does not produce mesothelioma in humans. However, 
IARC has not scientifically demonstrated that pure talc can 
cause ovarian cancer or any other type of malignant neo
plasm in humans, either.

Table 6 summarizes the information that Monograph 136 
used for determination of pure talc carcinogenicity, with our 
assessment of its validity.

Our review has obvious uncertainties and limitations. 
While talc appears to be a good example of some of the 
issues typical for IARC assessment it cannot be considered 
comprehensive or entirely representative. Further analysis of 
IARC monographs for various agents would be useful to 
determine if the organization systematically tends to elevate 
its previous estimations for carcinogens (that is apparent, for 
example, from the complete elimination of Group 4).

Among the limitations of our analysis, it should be men
tioned that quantitative analysis of mechanistic and other 
types of evidence for the determination of Group 1 in this 
paper assumed that the current classification of agents for 
this group is correct (both inclusion or exclusion). While it 
might not always be the case, we used Group 1 carcinogens 
as a benchmark to compare the available data on talc with 
corresponding information for confirmed human carcinogens. 
We demonstrated that it is highly unlikely that talc expresses 
combinations of mechanistic parameters, typical for carcino
gens, included in the highest IARC group (Group 1), and 
therefore its consideration as a “probable” human carcinogen 
is not justified by the mechanistic data.

We anticipate that further analysis of key characteristics of 
carcinogens is needed to develop better methodology for 
the use of KCCs in hazard identification and risk assessment. 

Our study covered only 184 carcinogens, about 18% of all 
carcinogens assessed by IARC since its inception. Our ana
lysis, however, provided arguments against the consideration 
that several key characteristics, allegedly associated with talc, 
can produce strong evidence of carcinogenicity in humans 
without other characteristics being involved.

Future studies are needed to explore toxicological charac
teristics of various mineralogical categories of talc. For 
example, next generation new approach method (NAMs) can 
be an efficient way to estimate risk of cancer for specific 
agents based on comprehensive and toxicologically based 
methods. Recently one of the commendable outlines of such 
assessment was proposed by Madl et al. (2024) for synthetic 
vitreous fibers (SVFs). The authors used the adverse outcome 
pathways (AOPs) concept as an expansion of the mode-of- 
action paradigm, proposing testing methods for various tox
icity pathways instead of a single chain of events. Applying 
this methodology to pure talc and to other common minerals 
should reveal useful information about the toxicological 
properties of these agents.

The unlimited expansion of the IARC list of carcinogens, 
particularly in Groups 2A and 2B, presents a challenge for 
risk assessment when it is unclear whether these classifica
tions have substantial health implications for the population. 
The title of the IARC Monographs until 2019 include the term 
“carcinogenic risk.” Since 2019, the word “risk” has been 
dropped from the title, and instead, the monographs address 
only the “identification of carcinogenic hazards.” For toxico
logical evaluation, it is important to develop scientifically 
based approaches that would expand current hazard identifi
cation in the IARC agenda to actual risk assessment including 
exposure assessment, dose-response assessment, and risk 
characterization. Otherwise, there would still be a limited, or 
inadequate, applicability of IARC classification for practical 
purposes.

6. Conclusions

Reclassification of talc from Group 2B to Group 2 A is not 
supported by available scientific information.

Table 6. The IARC arguments for carcinogenicity of pure talc and evaluation of their validity.

IARC argumentation Factual assessment

The monograph addressed pure talc not containing asbestos fibers Mineralogical assessment of talc by IARC (Table 1.1) contains inconsistencies 
that could affect the qualitative and quantitative evaluation of the 
evidence in available literature.

The monograph estimated the evidence for the carcinogenicity of talc from 
human epidemiological studies as “limited” (only ovarian cancer included).

The data on the relationship between ovarian cancer and pure talc exposure 
lacks sufficient scientific credibility to be classified as “limited,” and should 
be categorized as “insufficient.”

The monograph estimated the evidence for carcinogenicity of talc from 
experimental animal studies as “sufficient.” The conclusion was made based 
on single species results (significantly elevated bronchioalveolar adenoma/ 
carcinoma only in female rats, but not in male rats, or in mice). Elevated 
pheochromocytoma rates in rats were used as an “unusual” finding 
justifying the use of single species data for human carcinogenicity 
reasoning.

The highest level of exposure in rats study (18 mg/m3) was apparently too 
high to evaluate specific effects of the agent, and not just effects of dust 
exposure. Pheochromocytoma in female rats was irrelevant for possible 
extrapolation to humans, rather than additional evidence of human 
carcinogenicity. Because there are unresolved questions about the 
adequacy of the design, conduct, or interpretation of the one available 
study on talc and cancer in experimental animals, this should be put into 
the “limited” or “inadequate” status category.

The monograph claimed strong evidence on key mechanistic characteristics in 
primary human and animal cells.

The information on key characteristics’ expression in human primary cells 
exposed to talc is scarce. The key characteristics found for talc do not 
demonstrate a consistent MoA. The “limited” status of evidence would be 
more reasonable by IARC’s own criteria.
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The results of animal experiments for talc exposure remain 
limited and therefore cannot confirmation the status of talc 
as a carcinogen.

There is no mode-of-action demonstrated for talc that 
would prove it to be a human carcinogen. The Key 
Characteristics of Carcinogens (KCCs) for talc do not plausibly 
support a reasonable MoA.

Notes 

1. Eric Chatfield reports scrolled vermiculite that closely resembles 
chrysotile.

2. The overall conclusions of the RAC report on talc also appear to be 
not fully consistent with available data, but this assessment is out
side the scope of our paper.
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