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Agenda
• In silico workflow under ICH M7

• Features of expert review
• Common prediction scenarios & expert review arguments
• How Lhasa has approached this with Nexus 2.3

• Expert review workshop
• Highlighting scenarios where Nexus 2.3 can help expert review



Expert Review

2 in silico predictions
expert + statistical

Evaluate drug substance, impurities, 
degradants, intermediates…

Databases, in-house, 
literature..

Known 
mutagen

Both predict 
positive

Both predict 
negative

Ames testLimit according to TTC or 
present purge argument for loss

Treat as non-
mutagenic

Known
non-mutagen

Disagree / fail 
to predict

In silico workflow under ICH M7



Expert review is…



Expert review is…
• …required for in silico predictions under ICH M7 & is essential for each 

impurity that is processed
• Used to ensure predictions are relevant & accurate
• Used to conclude assessment of activity based on predictions

• …often straightforward

“Derek & Sarah have both produced strong predictions for
bacterial mutagenicity based on the same toxicophore & there is
no reason to doubt these predictions. Therefore, we conclude
this impurity is positive & assigned ICH M7 Class III.”



Expert review is…
• …required for in silico predictions under ICH M7 & is essential for each 

impurity that is processed
• Used to ensure predictions are relevant & accurate
• Used to conclude assessment of activity based on predictions

• …often straightforward, but some situations are harder to resolve
• How do I conclude if Derek and Sarah disagree?
• How do I find relevant information from the software to support my conclusion?
• How do I document this in a concise way for a regulator?



Likely to conclude positive

Very strong evidence  would 
be needed to overturn both 

predictions

Uncertain

Likely to conclude positive 
without strong evidence to 

overturn a positive prediction

Likely to conclude positive

Lack of a second prediction 
suggests insufficient 

evidence to draw any other 
conclusion

System 1

System 2

Positive

Positive

Positive

O.O.D. or 

equivocal

Positive

Negative

Negative

O.O.D. or 

equivocal

Negative

Negative

Uncertain

Conservatively could assign as positive.  
May conclude negative with strong evidence 

showing feature driving a ‘no prediction’ is 
present in the same context in known negative 

examples (without deactivating features)

Likely to conclude negative

Expert review should support this 
conclusion – e.g. by assessing any 
concerning features  (misclassified, 
unclassified, potentially reactive..) 

O.O.D. = out of domain

Establishing best practise in the application of expert review of mutagenicity under ICH M7

Regulatory Toxicology and Pharmacology  2015, 73, 367-377 
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Expert review is…
• …required for in silico predictions under ICH M7 & is essential for each 

impurity that is processed
• Used to ensure predictions are relevant & accurate
• Used to conclude assessment of activity based on predictions

• …often straightforward, but some situations are harder to resolve
• How do I conclude if Derek and Sarah disagree?
• How do I find relevant information from the software to support my conclusion?
• How do I document this in a concise way for a regulator?

• …often completed with recycled arguments for common prediction scenarios
• How can I make expert review consistent and efficient to save time?



Common arguments to resolve predictions
• Adequate Ames data is available

• Ames test does not assess the hazard caused by the compound class adequately

• Toxicophore identified by one system has not been adequately assessed by the
other

• Toxicophore identified by one system is not causative of activity

• Toxicophore identified by one system is not negated by negative features

• Data available for nearest neighbours is not of sufficient quality to make prediction

• Nearest neighbours are not adequately similar enough to make a prediction

61 arguments written for possible prediction scenarios



Nexus 2.3 – selected arguments

Following an ICH M7 prediction, the results from Derek & Sarah are
evaluated & arguments relevant to those predictions are presented to
the user, guiding the expert review process.

The user may add their own custom arguments, for example if they
have proprietary knowledge that is relevant to the review.



Nexus 2.3 – selected arguments

When arguments are selected, the in silico overall call is automatically
updated to reflect these selections.

When the user has completed their review of the predictions, they can tick the finalise
review check box which highlights the review has been completed & prevents further
changes to the selected arguments & in silico overall call.



Nexus 2.3 – integrating Derek & Sarah

When an ICH M7 prediction is run, specific information relating to Derek & Sarah is highlighted in the Sarah prediction results:
• Do the Sarah training examples activate Derek mutagenicity in vitro alerts?
• Do the Sarah hypotheses relate to any activated Derek mutagenicity in vitro alerts?
• Have the Sarah training examples which are non-mutagenic been tested in the most appropriate strains?



Worked examples



Example 1



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
agree

Derek: inactive result suggests high confidence in negative
prediction.

Sarah: 100% confidence shows chemical is known in Sarah
training set.



Review the expert prediction

?

Expert 
Review

M7 
classification

No misclassified or unclassified
features are identified, suggesting there
is high confidence in the negative
prediction.

No misclassified or unclassified features raises no doubt in the negative prediction made by Derek.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Compound is a known
non-mutagen in the
Sarah training set.

Compound is a known non-mutagen in the Sarah training set & has been tested adequately, hence there is no reason to disagree with this negative
prediction.

Compound has tested negative in multiple
strains, including TA98 & TA100 with S9 which
are most responsive to aromatic amines.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Sulfone compounds in
the training set are non-
mutagens.

Compound is a known non-mutagen in the Sarah training set & has been tested adequately, hence there is no reason to disagree with this negative
prediction. In addition, aromatic amines with strong electron withdrawing groups such as SO2 are excluded from Derek aromatic amine alerts.

Derek alert comments
explain such compounds
are excluded from
aromatic amine alerts.



• Compound is a known non-mutagen in the Sarah training set that has been
tested adequately

Expert review

• Inactive prediction has no misclassified or unclassified features that would
reduce confidence in the prediction

• Alert comments discuss sulfones inactivating aromatic amines

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 5
There is no reason to doubt either prediction & compound is a known non-mutagen that has been adequately tested.



Example 2



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
disagree

Derek: inactive result suggests high confidence in negative
prediction.

Sarah: low confidence in Sarah positive suggests examples require
review & automated expert review argument notes they may not be
relevant to the query compound.



Review the expert prediction

?

Expert 
Review

M7 
classification

No misclassified or unclassified features raises no doubt in the negative prediction made by Derek.

No misclassified or unclassified
features are identified, suggesting there
is high confidence in the negative
prediction.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Although Sarah provides a positive prediction, the positive hypothesis is a result of training set examples demonstrating activity as a result of
activating features which are not in the query compound or hypothesis. Removal of these examples instead results in a negative prediction being
made.

Hypothesis is usually associated
with inactivity; however, it has been
overruled due to activity of most
similar compounds to query.

Derek symbol shows whether Derek
alerts activated by the training set
example are due to the hypothesis
(e.g. amide) or an alternative
toxicophore (e.g. aromatic amine).

Exclamation mark symbol highlights
that all Derek alerts activated by the
example are for toxicophores
different to the hypothesis. Therefore,
removal of these examples would
result in a negative prediction being
made by Sarah.



• Positive prediction is supported by 1 hypothesis, although it is an overruled
negative hypothesis & overall confidence is relatively low (15%)

• Mutagens in the training set are active due to activating groups not present in
the query compound & their removal from prediction gives a negative
prediction

Expert review

• Inactive prediction has no misclassified or unclassified features that would
reduce confidence in the prediction

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 5
The positive prediction made by Sarah is based on compounds which have different toxicophores & match different Derek alerts to the query
compound, hence it is reasonable to overrule & accept the negative prediction made by Derek.



Example 3

Compound



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
disagree

Derek: plausible result suggests good confidence in positive
prediction.

Sarah: example compounds need to be reviewed to ascertain
relevance to the toxicophore identified by Derek.



Review the expert prediction

?

Expert 
Review

M7 
classification

Alert comments explain
bis-ortho-substituted
aromatic amines are
excluded due to steric
inhibition of the required
N-hydroxylation.
Although 2,6-
dimethylphenyl
substitution is allowed, it
is worth reviewing
activity based on these
comments.

Variable PPV, moderate
(44%) to high (81%) for
alert.

The restriction of bis-ortho-substituted aromatic amines where a substituent is “large” does not exclude the 2,6-dimethylphenyl, it warrants
additional review into this positive activity predicted by Derek as it may considered a near miss for the exclusion.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Large degree of overlap in examples
used to support each hypothesis.

Most similar compounds are
relevant & non-mutagenic.

There are several compounds similar to the query in Sarah which assess the aromatic amine identified by Derek as well as the piperazine.
Moreover, the most similar examples are similar to the query so it is reasonable to consider this to be an acceptable negative prediction.

Activity not associated with piperazine,
which was not assessed by Derek.



• Negative prediction with good confidence is supported by 3 hypotheses
• Several similar examples which are relevant to use for read-across

Expert review

• Matches alert for aromatic amine
• Comments discuss exclusion of aromatic amines with bis-ortho-substituents

where one is not “small”, hence this may be considered a near-miss for this
exclusion

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 5
Positive prediction made by Derek details an exclusion for which the query is a near-miss, reducing confidence in the prediction. The similarity &
relevance of non-mutagens in Sarah support overturning the Derek prediction.



Example 4



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
disagree

Derek: the equivocal result warrants analysis as it’s considered to
be a positive result with low confidence.

Sarah: example compounds, including those in the additional
information tab which are not used by the hypothesis, need to be
reviewed to ascertain relevance to the toxicophore identified by
Derek.



Review the expert prediction

?

Expert 
Review

M7 
classification

Alert comments suggest methylols are weakly mutagenic as they require metabolism to formaldehyde which is a weak mutagen itself. Therefore, it
is necessary for the Ames test protocol to use a metabolic system that is competent otherwise it may be that the Ames test is not suitable for this
class, which is consistent with the inconsistent results observed. It is reasonable to treat this as a positive, albeit one that warrants further review.

Comments highlight
methylols exhibit weak
activity in Ames test;
however, results are
inconsistent.
Mechanistic discussion
suggests mechanism
requires metabolism to
formaldehyde which
reacts with DNA.
Therefore, activity is
dependent on (1) the
ability of metabolic
system used & (2) weak
mutagenicity of
formaldehyde as
ultimate mutagen.

Moderate (56%) PPV for
alert suggests chemical
class expected to have
mixture of activity.



Review the statistical prediction

?

Expert 
Review

M7 
classification

There is a single example of a N-
methylol which is similar & non-
mutagenic in all tested strains.

Sarah identifies 4 hypotheses; however, none are for the N-methylol specifically. There is a non-mutagenic N-methylol in the training set which is
relevant & provides confidence in the negative prediction.

4 hypotheses have been idenitifed;
however, none are for the N-methylol
functional group for which Derek alerts.



Review the statistical prediction

?

Expert 
Review

M7 
classification

There is a N-methylol in the additional information tab which has
been rejected due to having conflicted or equivocal activity, as
shown by the result in TA100 with S9.

The impurity is in the additional information tab in the Sarah training set as it has been rejected for having a conflicted call. There is no strain
information available to help any potential resolution.



• Negative prediction is made & supported by 4 hypotheses, although none are
specifically for the N-methylol functional group

• Training set includes a negative example that may be used for read-across;
however, the query itself is in the additional information tab showing conflicted
or equivocal activity

Expert review

• Matches alert for N-methylol
• Comments suggest chemical class is expected to be weakly mutagenic &

inconsistent results may be obtained in the Ames test due to metabolic
incapability & the fact that formaldehyde, the ultimate mutagenic species, is
weakly mutagenic itself

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 3
There is low confidence in the positive prediction by Derek; however, Sarah has not specifically assessed the N-methylol functionality & there is
conflicting results for the query itself in the training set. There is not enough evidence to support the negative prediction made by Sarah & it is
advised to test, although it is important to consider the Ames test may require certain protocols to confirm (in)activity for this class.



Example 5

Compound



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
disagree

Derek: plausible result suggests good confidence in positive
prediction.

Sarah: good confidence in Sarah prediction (44%) suggests
support for negative prediction; however, expert review argument
suggests negative prediction requires review as compounds are
not relevant.



Review the expert prediction

?

Expert 
Review

M7 
classification

Comments provide good
evidence of activity for
benzyl chlorides &
compound does not
match any of the listed
exclusions in the alert.

Moderate (45%) to good
(79%) PPV for alert.

Derek provides a positive prediction with plausible level of reasoning which has good evidence of activity for this chemical class & has good PPV in
validation, hence good confidence in the prediction.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Positive hypothesis for alkyl chloride
is outweighed by 4 alternative
hypotheses not related to the
toxicophore.

Benzyl chloride is
a known mutagen.

Sarah provides a negative prediction with good confidence (44%) & 4/5 hypotheses are negative. However, the positive hypothesis is the aliphatic
chloride which is the toxicophore identified by Derek in the compound & this is supported by several mutagenic benzyl chlorides. Therefore, the
non-negating negative hypotheses are swamping the positive hypothesis & should be overruled.



• Negative prediction with good confidence is supported by 4 negative
hypotheses

• 1 positive hypothesis for aliphatic chlorides contains several examples of
mutagenic benzyl chlorides whereas the 4 negative hypotheses can be
considered as non-negating features

Expert review

• Matches alert for alkylating agent for the benzyl chloride moiety
• Comments provide good evidence of activity for benzyl chlorides & compound

does not match any of the listed exclusions in the alert

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 3
Positive prediction made by Derek & Sarah has identified the same toxicophore; however, in Sarah it has been swamped by non-negating features.



Example 6

Compound



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
Inconclusive

Sarah makes no prediction

Derek: plausible result suggests good confidence in positive
prediction.

Sarah: no prediction is made as the query is outside domain;
however, it is still possible to review the compound & assess
whether this feature is likely to negate the Derek prediction.



Review the expert prediction

?

Expert 
Review

M7 
classification

Comments discuss
multiple examples of N-
polyhaloalkylthio
compounds which are
active in the Ames test &
mechanisms for the
genotoxic activity.

High PPV (80%) for alert.

Derek provides a positive prediction with plausible level of reasoning which has good evidence of activity for this chemical class & has good PPV in
validation, hence good confidence in the prediction.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Large degree of overlap in examples
used to support each hypothesis;
however, neither is for the N-
polyhaloalkylthio functional group.

The query is outside domain, although the specific feature (N-thio-N-sulfonyl) is not the same as the toxicophore identified by Derek (N-
polyhaloalkylthio). Therefore, it would be possible to assess the activating feature if present in the training set examples; however, this is not the
case. Alternative hypotheses identified by Sarah are supporting of activity for polyhaloalkyl compounds.



• Outside domain feature (N-thio-N-sulfonyl) prevents Sarah making a prediction
• Outside domain feature is different to the toxicophore identified by Derek &

there are no examples of N-polyhaloalkylthio compounds in the training set
• Unable to conclude mutagenic potential of N-polyhaloalkylthio compounds but

polyhaloalkyl compounds considered mutagenic

Expert review

• Matches alert for N-polyhaloalkylthio compound
• Comments provide good evidence of activity for N-polyhaloalkylthio

compounds & multiple mechanisms are expected to contribute to genotoxicity

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 3
No prediction is made by Sarah as a feature is outside domain; however, this is not the same functional group as that identified by Derek. Sarah
does not assess the same activating feature but does provide further evidence for polyhaloalkyl compounds being mutagenic. Although the query is
outside Sarah’s domain, the evidence presented does not give any reason to doubt the Derek prediction.



Example 7



Review high level predictions

?

Expert 
Review

M7 
classification

Derek: unclassified feature reduces confidence in negative
prediction; however, it is still possible to review the compound &
assess the mutagenic potential of this feature.

Sarah: no prediction is made as the query is outside domain;
however, it is still possible to review the compound & assess
whether this feature is likely to (dis)agree with the Derek prediction.

Derek & Sarah
Inconclusive

No prediction is made by Sarah



Review the expert prediction

?

Expert 
Review

M7 
classification

Derek provides a negative prediction; however, the 1,3-oxathiane is unclassified meaning that it is not present in the Lhasa Ames test reference set.
This reduces confidence in the negative prediction & warrants further investigation.

Unclassified feature (1,3-oxathine) is
identified which reduces confidence in
the negative prediction. This is still a
valid negative prediction, albeit one
with reduced confidence where expert
review should focus on the mutagenic
potential of this feature to ensure
confidence in the prediciton.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Training set examples are largely
irrelevant as the only identified
hypothesis is the alkyl chain which
is obviously not associated with
mutagenicity.

Sarah identifies the aliphatic chain, which is obviously not associated with mutagenicity; however, Sarah provides no formal prediction as the 1,3-
oxathiane is outside domain.

Sarah identifies a single hypothesis
(aliphatic hydrocarbon) but the 1,3-
oxathiane is outside domain.



Review high level predictions

?

Expert 
Review

M7 
classification

Derek: inactive prediction with no misclassified or unclassified
features has good confidence.

Sarah: negative prediction with reasonable (41%) confidence.

Derek & Sarah
Agree



• Outside domain feature (1,3-oxathiane) prevents Sarah making a prediction
• Outside domain feature is a (1-alkoxyethyl)(alkyl)sulfane contained in a ring

system, hence opening the ring is a way to assess mutagenic potential in this
scenario & Sarah returns a negative prediction although no example
compounds specifically contain this feature

Expert review

• Negative prediction contains unclassified feature
• 1,3-Oxathiane is not present in the Lhasa Ames reference test set, reducing

confidence in the negative prediction
• Opening the ring retains the (1-alkoxyethyl)(alkyl)sulfane function & returns an

inactive prediction with no misclassified or unclassified features
• Prediction of metabolic pathways provided by Meteor does not suggest ring

opening to release acetaldehyde, a suspected mutagen, is likely to occur

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Class 5
In this instance, opening the ring system while retaining the (1-alkoxyethyl)(alkyl)sulfane function may be accepted as a method of addressing the
unclassified & outside domain feature in Derek & Sarah respectively. In doing so, a negative prediction is returned. It is not expected that the
compound will be active; however, as Sarah doesn’t have any examples of the (1-alkoxyethyl)(alkyl)sulfane function, it may still be advisable to test.



Example 8



Review high level predictions

?

Expert 
Review

M7 
classification

Derek & Sarah
disagree

Derek: the equivocal result warrants analysis as it’s considered to
be a positive result with low confidence & the expert review
argument questions the reliability of the Ames test for this
carboxylic acid halide.

Sarah: 79% confidence shows good confidence in negative
prediction & notes Ames data is available for the compound in the
additional information tab to review.



Review the expert prediction

?

Expert 
Review

M7 
classification

Comments discuss the
fact that results for
carboxylic acid halides in
the Ames test depend on
the choice of solvent.

DMSO provides false
positive responses as
chlorodimethyl sulfide
(CDMS), an expected
mutagen, is formed by
reaction of DMSO with
the acid chloride.

Water hydrolyses acid
halides to the acids
which are inactive.

Acetonitrile & other non-
reactive organic solvents
are thought to be the
most appropriate media.

Derek provides a positive prediction for the carboxylic acid halide; however, the alert is set at the equivocal level of reasoning as there is evidence
for & against so it requires review. The alert comments detail that activity is often dependent on the choice of solvent, hence carboxylic acid halides
require review on a case by case basis. It is reasonable to consider the positive prediction with low confidence.

DMSO reacts to form CDMS which is the expected mutagen

Water hydrolyses the carboxylic acid chloride



Review the statistical prediction

?

Expert 
Review

M7 
classification

Sarah has many
examples of similar
carboxylic acid halides
which are all non-
mutagenic.

Many similar carboxylic acid halides in the Sarah training set are non-mutagenic, providing confidence in the prediction; however, based on Derek
comments, full review of the test protocols is required.



Review the statistical prediction

?

Expert 
Review

M7 
classification

Query is in the additional
information tab with
conflicted results as it
has been reported to be
positive & negative when
tested in DMSO. It has
not been tested in
alternative solvents to
assess these results.

Query has been reported as positive & negative in the Ames test, albeit having only been tested in DMSO. Considering the comments in Derek, it is
likely that the positive result is a result of formation of CDMS; however, this cannot be concluded without testing in other solvents simultaneously.



• Compound is known to Sarah training set; however, it is not included as
conflicted results have been obtained using DMSO & no tests in other solvents
are available to resolve this

Expert review

• Matches alert for carboxylic acid ester
• Comments discuss fact that activity is expected to be dependent on the

solvent used as reaction with DMSO yields the expected mutagen CDMS
whereas water hydrolyses the carboxylic acid halide

?

Expert 
Review

M7 
classification



Please make your selection

1. Class 3 – Alerting structure

2. Class 5 – No alerts or alerting with sufficient data 
to demonstrate lack of mutagenicity

3. Unsure

?

Expert 
Review

M7 
classification



ICH M7 classification

?

Expert 
Review

M7 
classification

Unclassified
Based on available evidence & conflicted results for the compound, it is not possible to conclude mutagenic potential. There is reason to doubt the
activity of carboxylic acid halides in the Ames test; however, they contain a functional group that could potentially react with DNA. Alternatively, it is
considered they may be hydrolysed rapidly & present no concern. It is also possible that their reactivity results in purge during synthesis allowing
control under section 8 of ICH M7 instead.



Conclusions
• In silico predictions under ICH M7 require, & benefit from, expert review

• Expert review varies for each prediction scenario
• ...but some scenarios are more frequent & common arguments can be applied

• Scientific knowledge from multiple disciplines is required for expert review

• Expert review will be aided by…
• …understanding how in silico predictions work
• …understanding activity of specific chemical classes in the Ames test
• …making associations between different models more visible
• …presenting likely arguments to guide areas requiring review
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