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Software improves
toxicity tests

Machine learning trumps animal testing for many chemicals.

BY RICHARD VAN NOORDEN

achine-learning software trained
M on masses of chemical-safety data is

so good at predicting some kinds of
toxicity that it now rivals — and sometimes
outperforms — expensive animal studies,
researchers report.

Computer models could replace some
standard safety studies conducted on mil-
lions of animals each year, such as dropping
compounds into rabbits’ eyes to check if they
are irritants, or feeding chemicals to rats to
work out lethal doses, says Thomas Hartung,
a toxicologist at Johns Hopkins University in
Baltimore, Maryland. “The power of big data
means we can produce a tool more predictive
than many animal tests.”

In a paper published in Toxicological
Sciences on 11 July, Hartung’s team reports
that its algorithm can accurately predict tox-
icity for tens of thousands of chemicals — a
range much broader than other published
models achieve — across nine kinds of test,
from inhalation damage to harm to aquatic
ecosystems (T. Luechtefeld et al. Toxicol. Sci.
http://doi.org/crw4; 2018).

The paper “draws attention to the new pos-
sibilities of big data’, says Bennard van Raven-
zwaay, a toxicologist at the chemicals firm
BASF in Ludwigshafen, Germany. “Iam 100%

convinced this will be a pillar of toxicology in
the future?” Still, it could be many years before
government regulators accept computer results
in place of animal studies, he adds. And ani-
mal tests are harder to replace when it comes
to assessing more-complex harms, such as
whether a chemical will cause cancer or inter-
fere with fertility.

COMPUTER SAYS: NOT TOXIC

Industry and academia have used computer
models for decades to predict toxicity. These
models typically incorporate a molecule’s
chemical structure, an understanding of how
it might react in the body and data from ani-
mal tests or in vitro

studies. Companies “Iam100%

also infer the toxic convinced this
effects of untested  will be a pillar of
substances by com-  toxicology in the
paring them with future.”

other structurally or
biologically similar compounds whose effects
are known — a method known as read-across.
But regulators set a high bar for accepting these
methods and tend to ask for animal studies
instead, Hartung and other toxicologists say.
To improve the software, Hartung’s team
created a giant database with informa-
tion on roughly 10,000 chemicals based
on some 800,000 animal tests. These data

Computer programs can, in some cases, predict chemical toxicity as well as tests done on rats.
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were originally collected by the European
Chemicals Agency (ECHA) in Helsinki as
part of a 2007 law known as REACH (registra-
tion, evaluation, authorization and restriction
of chemicals), which requires companies to
register safety information for most chemicals
marketed in the European Union. As of May
2018 — the closing date for registrations — the
agency had received information on more than
20,000 substances.

The ECHA makes those data public, but not
in a format that allows computers to analyse
them easily. So, in 2014, Hartung’s team
extracted the available data into a machine-
readable database. Using the read-across
method, Hartung’s software compares a new
chemical to known, closely related compounds
and assesses the probability of toxic effects by
reference to their established properties. Effec-
tively, says Hartung, the software mimics how a
toxicologist would size up a new chemical, but
in automated fashion.

Hartung’s database analysis also reveals the
inconsistency of animal tests: repeated testing
of the same chemical can give different results,
because not all animals react in the same way.
For some types of toxicity, the software there-
fore provides more-reliable predictions than
any individual animal test, says Hartung, who
has also commercialized his work.

Other researchers and firms are developing
machine-learning algorithms, too, although
they have not published papers about their
work. And chemical-safety agencies are pay-
ing close attention. In April, the Interagency
Coordinating Committee on the Validation
of Alternative Methods, which is developing
methods to replace animal-safety testing on
behalf of 16 US government agencies, invited
dozens of academic and commercial research
groups to the National Institutes of Health
(NIH) in Bethesda, Maryland. There, each
team used its own software to predict ‘lethal-
dose’ toxicity for 40,000 chemicals previously
tested on rats.

Combining the best software (including
Hartung’s) produced a consensus computa-
tional model that “performed just as well as
the animal tests”, says Nicole Kleinstreuer,
who coordinated the exercise and devel-
ops alternative toxicity-testing methods
for the US National Toxicology Program in
Durham, North Carolina. Later this year, the
US Environmental Protection Agency (EPA)
plans to release the consensus model online
for free download.

In the EU, the ECHA has encouraged
companies to avoid animal tests by using
read-across and methods based on analysis
of lab cells where possible, says Mike Rasen-
berg, head of computational assessment at the
agency.

The new paper is part of “a good initiative’,
Rasenberg says, but “scientifically, there is alot
of work to be done”. He adds: “No one wants
animal tests, but we can’t yet do all toxicology
with a computer” m
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