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Looking Under the Hood – Expert Review of In Silico Carcinogenicity Predictions
OBJECTIVE

Table 1 Expert Review of In Silico Predictions for Non-genotoxic Carcinogenicity
COI

Review in silico non-genotoxic carcinogenicity predictions for a set of chemicals to reach informed hazard conclusions.

BACKGROUND
Alternative testing strategies are seeing increased application in chemical safety assessments in variety of contexts. In the absence of existing human
or animal toxicological data, in silico prediction tools are often relied on when ethical and financial constraints prevent a full suite of in vivo animal
testing. Additionally, computational predictions are helpful for determining whether more expensive and time-consuming hazard assessment
methods are necessary.
In a regulatory context, computational toxicology approaches are seeing increased recognition and adoption. For example, ICH M7 guidelines for
evaluating potential mutagenicity of pharmaceutical impurities indicates negative predictions from two different quantitative structure-activity
relationship ((Q)SAR) methodologies (e.g. a statistics based program and an expert rule-based program) are sufficient to conclude an impurity is not
of mutagenic concern, and no further testing (e.g. Ames assay) is necessary. The US EPA and US FDA both recently published "road maps" for how to
further integrate "new approach methods" (NAMs) or predictive toxicology methods into regulatory processes such as chemical registration under
TSCA and evaluation of food and drug components.
The reliability and validity of in silico assessments can vary greatly depending on the health effect of interest. For example, mutagenicity has
a well-understood mechanism of toxicity, and a large database of robust and reliable toxicity data. In silico models for other health end points
(e.g. developmental toxicity) are less well accepted but are actively under development.
While there are many in silico toxicity assessment tools currently available, the strengths, weaknesses and limitations are not always readily apparent
to new users. Some highly complicated and unusual chemical structures may be so dissimilar from a program's training set that no valid prediction
can be offered (an "out of domain" result). Program output should be reviewed by toxicologists with knowledge of the toxic effect in question as
a final check on model validity. This is particularly important when different in silico programs yield inconsistent results; a knowledgeable reviewer
may be able to provide an explanation for the disparate results and support a more definitive conclusion.
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OncoLogic

Unlikely to be a carcinogen
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Negative

"Shown to be nongenotoxic carcinogen."
Detailed decision logic for this class is under development.
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Name

Perfluoro(1,3-dimethylcyclohexane)

Chlordane
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Alert = Non-genotoxic carcinogenicity

OncoLogic

Out of Domain

Derek Nexus

Negative

Highly likely to be a moderately active carcinogen toward
one or more target/species"
Negative

Table 4 COI and Example Test Chemical That Trigger Polyhalogenated Cycloalkanes Alert
Perfluorocyclohexane

Hexachlorocyclohexane

SMILES
Molecular Weight (g/mol)
Tanimoto Similarity

FC1(F)C(F)(F)C(F)(F)C(F)(F)C(F)(F)C1(F)F
300

C1(C(C(C(Cl)C(C1Cl)Cl)Cl)Cl)Cl
291

Toxtree

Alert = Non-genotoxic carcinogenicity

Alert = Non-genotoxic carcinogenicity

OncoLogic

Unlikely to be a carcinogen

Derek Nexus

Negative

"Likely to be weakly carcinogenic, or carcinogenic toward a single
target/species, or carcinogenic at relatively high doses"
Possible alkylating agent

Perfluorocyclohexane
C6F12

Perfluor(1,3-dimethylcyclohexane)
C8F16

Structure

Toxtree classifies the COIs as non-genotoxic carcinogens based
on a category approach (polyhalogenated cycloalkanes).
Neither Derek Nexus nor OncoLogic report potential
non-genotoxic carcinogenicity for these COIs.

Perfluorocyclopentane
C5F10

All COIs triggered the non-genotoxic carcinogenicity alert "QSA20_nogen_(Poly) Halogenated Cycloalkanes (Nongenotoxic carcinogens)" in
Toxtree. None of the COIs triggered an alert for non-genotoxic carcinogenicity in Derek Nexus.

Comparison of the perfluorinated COIs to example test chemicals known to be genotoxic illustrates the difference in predicted reactivity and functional groups.
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Perfluorinated Cycloalkanes:

All of the COIs were listed as "unlikely to be a carcinogen" in OncoLogic (except for perfluoro [1,3-dimethylcyclohexane], which was "out of domain"
for this program).

PFOA

Table 3 COI and Example Test Chemical That Trigger Polyhalogenated Cycloalkanes Alert

C25F52

COIs with C > 5 triggered the non-genotoxic carcinogenicity alert "QSA43_nogen_Perfluorooctanoic acid (PFOA)" in Toxtree.

All of the COIs were listed as "unlikely to be a carcinogen" in OncoLogic.

C8F18 (Perflourooctane)

Alert = Non-genotoxic carcinogenicity

Name

All COIs with C ≤ 5 were negative for non-genotoxic carcinogenicity in Toxtree.

None of the COIs triggered an alert for non-genotoxic carcinogenicity in Derek Nexus.

SMILES
Molecular Weight (g/mol)
Tanimoto Similarity
Toxtree

The Toxtree alert is a result of the COIs' structural similarity
to perfluorooctanoic acid (PFOA). The COIs' structural
descriptors match that of PFOA when the COI alkane
length
is
C
>
5,
which
triggers
the
alert.
However,
the
Unlikely to be COIs exhibit high chemical stability to strong acid, strong
carcinogenic base, oxidizers, reducers, and high temperature, indicating
they are relatively non-reactive and not metabolized in the
body, and therefore are not expected to form PFOA. This is
supported by their extensive use in medical applications
with no discernable toxic effects.
Expert review of the literature as well as consideration
of the other in silico methods does not support Toxtree's
classification of these COIs as non-genotoxic carcinogens.
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Lastly, the available literature on this class of compounds was reviewed to assess the feasibility and accuracy of these programs' in silico carcinogenicity
predictions for the COIs.

••
••
••
••
••
••

Not reactive. None of the in silico methods classify the
Unlikely to be COIs as carcinogenic. These results are supported by these
carcinogenic substances' extensive use in medical applications in the
blood, lungs and eyes with no discernable toxic effects.

Toxtree classifies the COIs as non-genotoxic carcinogens
based on the non-genotoxic potential of PFOA. Neither
Derek Nexus nor OncoLogic report potential non-genotoxic
carcinogenicity for these COIs.

C8F18

Derek Nexus, a proprietary in silico prediction tool.

Perfluorinated Alkanes:

No alert

C7F16

C20F42

RESULTS

Name

Expert Review

C6F14

The carcinogenicity rulebase in the Istituto Superiore di Sanità (ISS) module of Toxtree (version 3.1.0), a freely available expert rule-based program.

OncoLogic, the United States Environmental Protection Agency's (US EPA) carcinogenicity prediction tool.

OncoLogic

C5F12

C10F22

Poster # 1784/P160

Structure

C4F10

We evaluated the in silico non-genotoxic carcinogenicity predictions for several saturated perfluorocarbon alkyl compounds, including all saturated
perfluoroalkanes from C3F8 to C10F22, C20F42, and C25F52. We also evaluated three perfluorocycloalkanes: perfluorocyclopentane, perfluorocyclohexane, and
perfluoro(1,3-dimethylcyclohexane). All compounds are listed in Table 1. Carcinogenicity predictions were generated using the following programs.

Joel M. Cohen, Sc.D., DABT

Table 2 COI and Example Test Chemical That Trigger PFOA Alert

C3F8

DESIGN/METHODS

••
••
••

Derek Nexus

Brad C. Hansen

Non-genotoxic:
Positive
(Polyhalogenated
Cycloalkanes)

No alert

The literature supporting the structural activity rule
cites "halogenated aromatic hydrocarbons, such as the
polychlorinated dibenzo-p-dioxins, dibenzofurans,
Unlikely to be biphenyls, and related chemicals" (Benigni et al., 2013;
carcinogenic see also Bock, 1994; Denison et al., 2002). While both these
molecules and the COIs fit under the general umbrella of
polyhalogenated cycloalkanes, the COIs are a chemically
unique group of saturated perfluoroalkanes.
The structural alert is based on the COIs' potential to act
as agonists of the aryl hydrocarbon receptor. However,
the COIs lack the double bonds and partially halogenated
carbons that increase chemical reactivity in polyhalogenated
cycloalkanes. Furthermore, saturated perfluoro compounds
exhibit high chemical stability to strong acid, strong base,
oxidizers, reducers, and high temperature, indicating they
Out of domain are relatively non-reactive and not metabolized in the body.
Expert review of the literature as well as consideration
of the other in silico methods does not support Toxtree's
classification of these COIs as non-genotoxic carcinogens.

0

CONCLUSIONS

••
••
••

Both statistical and expert rule-based in silico methods should be considered in chemical hazard assessments in order to reach informed risk
conclusions about the substances of interest.
Toxtree's carcinogenicity predictions for saturated perfluorinated alkanes with C ≤ 5 are likely overly conservative and show the importance of
expert review in the application of in silico toxicology tools.
In the absence of expert review, in silico predictions can potentially overgeneralize the possible non-genotoxic carcinogenicity of perfluorinated
compounds and propose unlikely toxicological mechanisms.

WWW.GRADIENTCORP.COM

