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Letter to the editor regarding the article by Roberts, 2018

To the editor

In a recent contribution by D. Roberts, funded by the developers of
the GARD™ assay, the question was raised: ,Is a combination of assays
really needed for non-animal prediction of skin sensitization potential?”
(Roberts, 2018) and it was proposed that, based on the superior pre-
dictivity on a set of chemicals tested by the assay developers, the
transcriptomic GARD™ assay as stand-alone assay may be a better op-
tion as the currently widely discussed proposal of using multiple test
covering different steps of the Adverse Outcome Pathway (AOP)
(OECD, 2012). A strong argument for a stand-alone assay instead of a
combination of tests, namely a ‘2 out of 3’ approach, had been made by
the GARD™ development team in an earlier review, too (Johansson and
Gradin, 2017). This proposal and the development of the GARD™ assay
challenges a number of conventions in in vitro toxicology, challenges we
think should be carefully discussed.

1. Challenging the AOP approach

The author makes the correct observation, that strict ‘AOP logic’ —
describing the sensitization phase as a linear process covered by me-
chanistic steps — would require a series of in vitro tests, and all of those
would need to be tested positive for a positive final outcome (Roberts,
2018). This linear view is actually the proposal made for the first time
in the seminal paper by Jowsey et al. (2006), which predates the AOP
discussion but which is very much recapitulated in the way the skin
sensitization AOP was drawn by the OECD (OECD, 2012). This ap-
proach would always lead to very high specificity, but low sensitivity.
However, it is widely acknowledged, that AOPs should not be viewed in
such a linear way. Using a suite of mechanistic tests within an AOP may
also be viewed as collecting mechanistically relevant data on defined
molecular endpoints to finally make a ‘weight of evidence’ judgement.
For skin sensitization, it is widely acknowledged that this WoE can be
derived from chemical information, reactivity measurements describing
the molecular initiating event (MiE) combined with cell based assays.

The assays and in silico tools developed to test chemicals for skin
sensitization potential are all based on a good, albeit not complete,
understanding of the molecular mechanisms underlying skin sensitiza-
tion. The development of the AOP approach in toxicology in general is
based on the assumption that increased mechanistic understanding and
testing of defined molecular endpoints will lead to continuously im-
proved prediction of apical endpoints.

The GARD™ assay is only using a single cell-type and (like some
related assays based on a pan-transcriptomic analysis) is based on an
unsupervised transcriptomic approach not taking any a priori mechan-
istic knowledge into account but defining the measured endpoints
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(transcriptomic signature) completely based on statistical evaluation of
gene expression changes induced by a set of sensitizers and non-sensi-
tizers. On the positive side, by measuring multiple transcripts not pre-
viously assessed, information content is greatly increased and any bias
from previous research is removed — however, using this assay as stand-
alone assay as proposed would also ignore all previous mechanistic
learnings in skin sensitization and statistics would dominate mechan-
istic knowledge — which of course is fine if indeed our mechanistic
understanding is inferior to a purely statistical evaluation of ‘big data’.
However, to miss the opportunity to carefully characterize the MiE with
in chemico methods and trust that chemicals will react with all relevant
proteins in the cells and then trigger a most relevant gene induction as
proposed by Roberts is a true paradigm shift and also contradicting all
previous teaching by the same author.

2. Stable biological endpoint

Currently, one key requirement for validation of in vitro methods is
mechanistic relevance of reproducible in vitro endpoints. Two ob-
servations from the literature of the GARD™ developers should be dis-
cussed in this respect. The original assay was developed with the
Affymetrix platform (Johansson et al., 2013), later the approach was
tested on different platforms (Forreryd et al., 2014) and finally it was
transferred to the nanoString” nCounter technology (Forreryd et al.,
2016). It was observed that this change of technology platform led to
only moderate to poor correlation of the original transcriptomic sig-
nature to the new platform (Forreryd et al., 2014), yet the new platform
again gave a similarly high predictivity. Thus the measured signature
seems not to be a fixed biological endpoint measureable with different
technical means - but it is partly dependent on detection technology.
This is compensated for, obviously, by partial redundancy in informa-
tion content in the gene signature which keeps reported predictivity
high, independent of the exact molecular endpoints measured (Forreryd
et al., 2016). However, it indicates that we do not deal here with a
completely defined molecular endpoint. Secondly, it is described that
there are batch effects in the GARD™ assay, necessitating that each test
series includes a benchmarking set of 10 chemicals for fine-tuning of
the prediction signature to correct for batch effects (Forreryd et al.,
2016). This is different from other in vitro assays, where the prediction
model is fixed and positive controls are only run for assay performance
check.

3. Predictivity

The paper by Roberts makes strong arguments based on the superior
predictivity of the published dataset vs. the OECD validated assays and
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vs. the simplest WoE approach, namely the ‘2 out of 3’ approach which
is listed as an OECD case study (Guidance Document on the, 2016). One
may, from a regulatory toxicology viewpoint, indeed claim that ‘all is
well, that predicts well’. However this will require more independent
evaluation. First, it should be noted, that the analysis of Roberts is
comparing in vitro data to the LLNA and not to human data (albeit these
are available for skin sensitization).

Comparing GARD™ results to LLNA data, Roberts is overlooking
uncertainties arising from the choice of the data base and the limited
precision of the assay. In an independent Cosmetic Europe evaluation
with blind coded chemicals (Johansson et al., 2017), the balanced ac-
curacy was at 75%, while it was 88% in the in-house validation for the
GARD assay. This lower balanced accuracy may be partly due to a bias
of a low number of non-sensitizers tested in the Cosmetics Europe
study. Nevertheless, a similar effect was noted by Cosmetic Europe
when evaluating another assay based on multiple transcripts, where the
balanced accuracy for the independent evaluation was 19% lower than
the one reported from an in-house dataset, an effect which was not seen
to that extend for the OECD validated assays. In addition to the chosen
dataset, also limited precision of testing methods results in un-
certainties of their predictive accuracy metrics. Hence the comparison
of distinct numbers — Roberts compares 88% accuracy of the GARD™
assay to 83% of the “2 out of 3” approach - is neglecting this un-
certainty. The 95% confidence interval of the accuracy of the “2 out of
3” approach is 74-97%; uncertainty information on the GARD™ assay is
missing, but there is clearly an overlap rather than a significant dif-
ference in the accuracy measures.

4. Lack of transparency

It was often stated that the Tox21 approach will lead us into a
mechanistic toxicology, which brings us away from the ‘black box’
animal test. The purely statistical approach of a transcriptomic analysis
on > 200 transcripts (which are dependent on the detection metho-
dology), selected from a pan-genomic analysis, however leads to a
black-box outcome again, and there is no full transparency on what is
determining the predictions being made, although some interrogation
of relevant pathways was made.

5. Gard potency - predicting potency without dose-response
information

The mechanistically most challenging proposal from the GARD
platform is the recently published potency assay (Zeller et al., 2017),
which claims a good discrimination of GHS sub-categories 1A and 1B by
differential gene expression. The GARD assay does make a concentra-
tion range finder, but then test chemicals at only one defined con-
centration at 90% cellular viability. As described in the paper, the se-
lected test concentration does not form part of the prediction model,
which is entirely based on a gene signature and does not include dose-
response information. It is of note, that these two GHS sub-categories
(GHS sub-category 1A assigned for high incidence in humans or high
potency as indicted by LLNA EC; < 2%) are based on animal test dose-
response data and the threshold of EC3 < 2% is purely a regulatory
decision without additional biological meaning. It would be logical,
that this arbitrary threshold in a continuous dose-dependent variable in
an animal test would best be modeled based on dose-response

* Corresponding author.

116

Regulatory Toxicology and Pharmacology 102 (2019) 115-116

information from an in vitro test or a battery of in vitro tests. Although
the authors have done a careful discrimination between training and
test set, it is intriguing and biologically not intuitive that it is possible to
classify chemicals into two regulatory defined potency sub-categories
based on a gene signature not taking dose-response information into
account. It will be very important to safeguard against overfit when
making such proposals.

In conclusion, the strong proposals made in the paper by Roberts
and by the GARD developers raise several questions which need careful
discussion by the toxicological community before we can confirm the
superior predictivity of the statistics-derived single cell-type method
and move away from the AOP paradigm. Statistics-derived methods in
toxicology may harness ‘big data’ and hence be information-rich but
also lose on the transparency and biological as well as on the me-
chanistic side.

Transparency document

Transparency document related to this article can be found online at
https://doi.org/10.1016/j.yrtph.2019.01.005.
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