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Disclaimer

The findings and conclusions in this presentation have not been formally
U.S. Environmental Protection Agency disseminated by EPA and should not be construed to represent Agency determination
or policy.




Meeting the Scientific

Needs of Ecological
RISK Assessmentina

Regulatory Context

Three strategies
could move
both science
and regulation
forward.

uring the past decade, the
field of ecological risk as-
sesgment has progressed con-
siderably. Advances have come
from such intermational bodies as
the Organisation for Economic Co-operation and
Development (OBCD), the Wiorld Health Organisation
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Risk assessment is a tered process
distinguished by levels of increasing
complexity, beginning with the preliminary
categorization step, followed by a refined or screen-
ing nt, and progressing w the full, compre-

(WHO), the European and Mediterranean Plant
Protection Organisation (EFPO), and the European
Centre for Ecotodcology and Toxicolegy of Chemnicals
(ECETOC) (1-4). Risk assessments have played a crit-
ical mle in the development of various regulations
within the European Commission (EC) as well as in
other parts of the world, including the United States,
Canada, and Japan (8-17). But scientists and regula-
tors are faced with three significant challenges:

lining the risk nt process, quantify-
ing risks in a spatially explicit manner, and acquiring
the comrect kind of environmental data o enable reg-
ulatory programs to effectively focus on future envi-
ronmental protection activities.
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hensive risk assessment (4, 18, 9. For each tier, a
minimum level of information is required. For exam-
ple. OECD has established an intemational program—
called the Screening Information Data Sets (SIDS1—
for surveying high-production-volume chemicals
[HPV} for potential effects. SIDS include the basic in-
formation needed to perform a preliminary assess-
ment of a chemical’s potential risk [(20).

Applying the current risk-assessment paradigm
and meeting the associated data-generation regquire-
ments, combined with the increased need to evalu-
ate the potential effects posed by thousands of 2
industrial chemicals, are big challenges for the chem- &
ical industry, national and international regulatory 3
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U.S. Environmental Protection Agency

Traditional testing with defined batteries
of in vivo tests

- Too many chemicals
- Too costly

- Too much time to generate and
interpret

- Too many animals

- Inefficient

- Typically, only a subset of the data
are used for the assessments

“The challenge is to move .. to [a
paradigm] in which a hypothesis- and
risk-driven approach can be used to
identify the most relevant in vivo
information”



New approach methodologies (NAMs)

» NAMs: any technology, methodology, approach, that can provide
information on chemical hazard and risk assessment without the use of
intact animals, including in silico, in chemico, in vitro, and ex vivo
approaches (ECHA, 2016b; EPA, 2018d).

» Under EU REACH legislation for chemical safety, industry has the option to
reduce animal testing using the alternative method of ‘grouping and read-
across’ (REACH, 2003).

ECHA (2016b). New approach methodologies in requlatory science. Proceedings of a scientific workshop. Helsinki:
European Chemicals Agency. doi:10.2823/543644.

EPA (2018d). Strategic plan to promote the development and implementation of alternative test methods within the
TSCA program. U.S. Environmental protection agency. EPA-740-R1-8004. Available at:
https://www.epa.gov/sites/default/files/2018-06/documents/epa alt strat plan 6-20-18 clean final.pdf

REACH (2004). Directorates General Enterprise and Environment. Legislative Proposal Concerning the Registration,
Evaluation, Authorisation and Restrictions of Chemicals, Volumes 1-7; DG Enterprise: Brussels, Belgium; Oct 29, 2003;
www.europa.eu.int/comm/environment/chemicals/reach.htm.
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What is metabolomics?

(AT EPA-ATHENS)



Metabolomics = the study of changes
in “many” endogenous metabolites in response to stressors

metabolome = all endogenous metabolites

Advanced analytical instruments (NMR, LC-MS and GC-MS) are
used to detect and characterize changes in these chemically and functionally diverse biomolecules
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Metabolomics:

Although the “field” and the term are relatively new, the concept is not

Linus Pauling — 1971.

“the thorough quantitative analysis of body fluids might permit
differential diagnosis of many diseases in a more effective way
than is possible at the present time.”

Pauling, L.C., Robinson, A.B., Teranishi, R., and Cary, P., Quantitative Analysis
of Urine Vapor and Breath by Gas-Liquid Partition Chromatography, Proc.
Natl. Acad. Sci. (1971) 68, 2374-2376.

Metabolic Biochemists

Have been assessing the impact of changing levels of endogenous
metabolites for many years (e.g. inborn errors of metabolism).

Clinical Chemistry
urinalysis, blood panels, etc.




Metabolomics has proven very useful for:

(a partial list)

* screening chemicals for adverse effects

* classifying chemicals according to adverse outcome pathways
* developing biomarkers of chemical exposure

*® tracking compensation and recovery

* informing dose response

* conducting cross-species extrapolations

* elucidating toxicity pathways

® |n vivo & in vitro assessments



Towards High Quality Data
Generation in Untargeted
Metabolomics

METABOLOMICS QUALITY ASSURANCE AND QUALITY CONTROL CONSORTIUM
(MQACC)



i Metabolomies

Quality Assurance &Quality Control htt S m ACC.Or Home Working Groups Outputs  About JoinUs Contact
Consortium (mQACC)

Promoting the development,
dissemination and

harmonization of best
QA/QC practices in
untargeted metabolomics

Join our efforts!

The findings and conclusions in this presentation have not been formally disseminated by FDA or EPA and should not be
construed to represent any Agency determination or policy.



Quality Assurance & Quality Control
Consortium (mQACC)

History and early developments

Metabolomics (2019) 15:4

i mQACC Was formed fO”OWlng a Thlnk https://dol.org/10.1007/511306-018-1460-7
Tank meeting at the National Cancer i [ -
Institute in October 2017 Towards quality assurance and quality control in untargeted

metabolomics studies

* Mission: To engage the metabolomics
R R Richard D.Beger' - Warwick B. Dunn? - Abbas Bandukwala® - Bianca Bethan* - David Broadhurst® - Clary B. Clish® -
commun |ty to communi Cate an d Surendra Dasari’ - Leslie Derr® - Annie Evans® - Steve Fischer'® - Thomas Flynn® - Thomas Hartung'' -

David Herrington'? - Richard Higashi'® - Ping-Ching Hsu'“ - Christina Jones'® - Maureen Kachman'® .
ro m Ote t h e d eve I O m e nt Helen Karuso'” - Gary Kruppa'® - Katrice Lippa'® - Padma Maruvada'® - Jonathan Mosley?° - loanna Ntai?' -
p p Vi Claire O'Donovan® - Mary Playdon®* - Daniel Raftery?* - Daniel Shaughnessy® - Amanda Souza?' -
Timothy Spaeder” - Barbara Spalholz?* - Fariba Tayyari?® - Baljit Ubhi?’ - Mukesh Verma?? - Tilman Walk* -

d isse m i N at i on an d h armon i Zati on Of lan Wilson?® - Keren Witkin?? - Daniel W. Bearden?®3° . Krista A. Zanetti®*
best QA/QC practices in untargeted e s oo s
metabolomics

Abstract
We describe here the agreed upon first development steps and priority objectives of a community engagement effort to address
L3 . . s . . y . . . .
® M b h ° 106 t t 4 current challenges in quality assurance (QA) and quality control (QC) in untargeted metabolomic studies. This has included
empersnip: SCIentists across e e e e i i b T e et | Ratincd
(1)a QA and QC questionnaire responded to by the metabolomics community in 2015 which recommended education of the
metabolomics community, development of appropriate standard reference materials and providing incentives for laboratories

CO ntl n e ntS fro m a Ca d e m I a ) I n d U St ry to apply QA and QC: (2) a 2-day “Think Tank on Quality Assurance and Quality Control for Untargeted Metabolomic Studies’

held at the National Cancer Institute’s Shady Grove Campus and (3) establishment of the Metabolomics Quality Assurance

a n d gove r n m e nt O rga n i Zati O n S and Quality Control Consortium (mQACC) to drive forward developments in a coordinated manner.

Keywords Quality assurance (QA) - Quality control (QC) - Community engagement - Test materials - Reporting metrics



Metabolomics

Quality Assurance & Quality Control

What is quality control
and quality assurance?

System Blanks

* Quality Control: sutabilly e
| d Sample outliers and
P ' Data st d tight clustering)
rocesses related to R - A"g'és's ek ——
h d Sample tracking and storage Compitu?‘nd
t e p ro Ce u re S Long- and short- Pooled matrix Pmtfqa_ta Identification
. . term reference QC samples Acquisition
applied during and ac
ft d t I .t. i, ::::plance
li tand RSD or CV S
darter adata acquisition . . e, cieraand
injection order standards and 9
QC samples

Temperature monitoring
systems

Quality system audits

* Quality Assurance:
Processes related to o
the procedures Sfimbgend Loy books
applied in preparation
for data acquisition

Equipment maintenance
schedule

Evans AM, et al. Metabolomics. 2020 Oct 12; 16(10): 113



Quality Assurance & Quality Control
Consortium (mQACC)

MQACC Operations

Coordinating committee

Jennifer Kirwan (Chair 2024), Jonathan Mosley (will be chair in 2025), Annie Evans
(will be chair in 2026)

Monthly videoconferences
To provide conduit for information dissemination and consortium-wide discussions

Working Groups

Reference Best Practices Reporting Standards Sl il

& Test Materials

Living Guidance

NMR GC-MS Quality Assurance Dissemination

Srujana Golla, Rafea Naffa

Leo Cheng & Panteleimon Takis Oliver Fiehn & Michael Herold (V.C. A Ochoa and 5. An) Dajana Vuckovic & Georgios

Theodoridis
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i Metgbofomics

Quality Assurance & Quality Control
Consortium (mQACC)

Living guidance document

* One mQACC objective is to construct a living a @ E@a
guidance document to support the untargeted ENEY —
metabolomics community in all aspects of QA and QC © I

l|

* Living document = added to and revised periodically 14

v
Would include E
* minimum requirements and SN

* optional good practices ‘S
* examples of use/case studies /

Non-prescriptive

How to contact mQACC with input regarding
guidelines



N\etabo‘omics N,

Quality Assurance &Quality Control
Consortium (mQACC)

Community-driven Guidance

¢ Transcribe recorded
sessions

e Combine data from

- ] .
¢ Hold interactive
forum sessions

* Cover broad range of

QA/QC topics multiple sessions
* Focus on information ¢ Report data from each
gatherlng Listen to the Collate the TS MQACE
~ community information #
(Identify) (Catalog)
Publicize best
practices
; ) .
* Publish living (Disseminate) q( ) *Distill universal best
guidance document ) S / practices

eDefine best practices for
specific use cases

¢ Present best
practices at

workshops, e|ldentify information gaps
conferences, etc. oFit.for_purpose (not
\- Training prescriptive)

Mosley JD, et al. Metabolomics. 2024 12 Feb, 20:20. https://doi.org/10.1007/s11306-023-02080-0



Community-driven Guidance

SPRINGER LINK

Publish with us

Q search

Find a journal Track your research

Home > Metabolomics > Article

Establishing a framework for best practices
for quality assurance and quality control in

untargeted metabolomics

Review Article | Open access | Published: 12 February 2024
Volume 20, article number 20, (2024)

Download PDF X @ You have full access to this open access article

Cite this article

Jonathan D. Mosley 4, Tracey B. Schock, Chris W. Beecher, Warwick B. Dunn, Julia Kuligowski, Matthew

R.Lewis, Georgios Theodoridis, Candice Z. Ulmer Holland, Dajana Vuckovic, lan D. Wilson & Krista A.

Zanetti

g:l 527 Accesses @I Altmetric Explore all metrics >

i Metabofomics

Quality Assurance & Quality Control
Consortium (mQACC)

Table 1 Information-gathering activities conducted by the mQACC Best Practices WG from 2019 to 2023

Event

Date

QA/QC Topic

Approximate No.
of Participants

1st annual MANA conference workshop

European RFMF Metabomeeting 2020 com-
munity survey

mQACC-HHEAR virtual meeting interactive
forum (part 1)

mQACC-HHEAR virtual meeting interactive
forum (part 2)

2nd annual MANA conference virtual work-
shop

mQACC virtual interactive forum

mQACC virtual interactive forum

mQACC virtual interactive forum

mQACC virtual interactive forum

mQACC virtual interactive forum
mQACC virtual interactive forum

18th annual conference of the Metabolomics
Society workshop

19th annual conference of the Metabolomics
Society workshop

November 16th, 2019

January 22nd — 24th, 2020

June 19th, 2020

July 14th, 2020
September 14th, 2020
February 23rd, 2021
April 29th, 2021

June 14th, 2021

November 30th, 2021

March 10th, 2022
May 26th. 2022
June 19th, 2022

June 19th, 2023

Use of Pooled QCs in LC-MS-based Untar-
geted Metabolomics

Use of Pooled QCs in LC-MS-based Untar-
geted Metabolomics

Use of Pooled QCs in LC-MS-based Untar-
geted Metabolomics

Use of Pooled QCs in LC-MS-based Untar-
geted Metabolomics

System Suitability Evaluation prior to LC-MS-
based Untargeted Metabolomics

System Suitability Evaluation prior to LC-MS-
based Untargeted Metabolomics

Use of Internal Standards in LC-MS-based
Untargeted Metabolomics

Design of the Analytical Batch in LC-MS-
based Untargeted Metabolomics

Quality of Metabolite Annotation & Identifica-
tion in LC-MS-based Untargeted Metabo-
lomics

Use of Reference Materials in LC-MS-based
Untargeted Metabolomics

Data Quality Review in LC-MS-based Untar-
geted Metabolomics

State of QA/QC Best Practices in LC-MS-
based Untargeted Metabolomics

Moving Toward Consensus: mQACC Commu-

nity Engagement on Best QA/QC Practices in
LC-MS-Based Untargeted Metabolomics

25

45

45

35

25

190

100

MANA Metabolomics Association of North America, RFMF French-speaking Metabolomics and Fluxomics Network, HHEAR Human Health

Exposure Analysis Resource




4/'// 18t Annual Conference of the Metabolomics Society

wweme: METABOLOMICS 2022

B 19" Annual Conference of the Metabolomics Society

METABOI.OMICS

NIAGARA FALLS, CANADA JUNE 18-22

e METABOLOMICS
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WS5: State of QA/QC Best Practices in LC-MS- W9: Moving Toward Consensus: mQACC

Based Untargeted Metabolomics, Informed Community Engagement on Best QA/QC
Through mQACC Community Engagement Practices in LC-MS-Based Untargeted
Initiatives Metabolomics

Presenters Presenters

Warwick Dunn, University of Liverpool, UK Jonathan Mosley, U.S. Environmental Protection Agency, USA
Tracey Schock, National Institutes of Standards and Technology, USA Warwick Dunn, University of Liverpool, UK

Dajana Vuckovic, Concordia University, Canada Tracey Schock, National Institute of Standards and Technology, USA
Julia Kuligowski, Health Research Institute La Fe, Spain Dajana Vuckovic, Concordia University, Canada

Jonathan Mosley, U.S. Environmental Protection Agency, USA Matthew Lewis, Bruker Life Sciences Mass Spectrometry, UK

Learning Outcomes

1. Understand the community feedback received by the mQACC Best Practices Working Group and recognize how the
feedback will be used to support QA/QC best practices for untargeted LC-MS-based metabolomics.

2. Be able to identify how to participate in mQACC, including mechanisms to contribute to the best practices community
engagement efforts



Design of the analytical batch

Acknowledgements

Quality Assurance & Quality Control
Consortium (mQACC)

Bryce Geiling
Jonathan Mosley
Matthew Lewis
Claire O’'Donovan
Tracey Schock
Candice Ulmer
Dajana Vuckovic

Krista Zanetti

Metabolomics 2022

Pooled QCs

State of QA/QC Best Practices in LC-MS-Based Untargeted Metabolomics

Jonathan Mosley
loanna Ntai
Krista Zanetti
Dajana Vuckovic
Tracey Schock
Claire O'Donovan
Matthew Lewis
Warwick Dunn

Jennifer Kirwan

Internal standards

Bryce Geiling
Julia Kuligowski
Matthew Lewis
loanna Ntai
Claire O’'Donovan
Tracey Schock
Candice Ulmer
Dajana Vuckovic

Krista Zanetti

System suitability

® Jonathan Mosley

Krista Zanetti

® loanna Ntai

* Stephanie Myers
® Bryce Geiling

® Tracey Schock

® Dajana Vuckovic
* Matthew Lewis
® Julia Kuligowski

®* (Claire O’'Donovan




Metabolite Identification

Acknowledgements

Quality Assurance & Quality Control
Consortium (mQACC)

Rick Dunn
Matthew Lewis
Jonathan Mosley
Claire O’'Donovan
Candice Ulmer
Dajana Vuckovic

Krista Zanetti

Metabolomics 2023

Reference Materials

Julia Kuligowski
Matthew Lewis
Jonathan Mosley
Claire O’'Donovan
Dajana Vuckovic

Krista Zanetti

MOVING TOWARD CONSENSUS: MQACC COMMUNITY ENGAGEMENT ON BEST QA/QC PRACTICES

Data Quality Review

Helen Gika

® Julia Kuligowski
* Matthew Lewis

® Jonathan Mosley
* Candice Ulmer

® Dajana Vuckovic
® lan Wilson

® Krista Zanetti

IN LC-MS-BASED UNTARGETED METABOLOMICS

Quality Assurance

Annie Evans

Oliver Fiehn

Michael Herold
Matthew Lewis

Maria Eugenia Monge
Jonathan Mosley
Sindhu Nair

Oliver Schmitz

Panteleimon Takis




Community-driven guidance

Quality Assurance & Quality Control
Consortium (mQACC)

Untargeted Workflow: Quality Assurance
Key QC Stages o ——————
Study Design
+ Sample Handling Evaluate SST, Develop
« Sample Storage . Prepare calibration curve, QCs .
devise of known h d
* Instrument Preparation S concentration, MEHO
. blanks, ...
+ Sample Preparation
. : Evaluate SST, Evaluate QCs
Batch .De5|gn i Bl Data assess QCs with pre-defined
* Real-time Quality Checks Collection during run, re- acceptance
analyze criteria, .. |I1-Sl'l.|d'f
. ‘ samples, ... analysis
Data Quality Review
Assess QC samples Re-analyze
Metabolite Identification SLE\c = after run, remove samples, ..
(Met ID) and background
LESS ey contaminants, batch
correction, met ID, ...
Data Sharing Re-

Data Availability analysis

Targeted Assay:
Bioanalytical Parameters

Reference Standards
Linearity

Specificity & Selectivity
Sensitivity

Accuracy & Precision
Recovery

Stability

Dilution Effects

Matrix Effects

Incurred Sample Reanalysis

Mosley JD, et al. Metabolomics. 2024 12 Feb, 20:20. https://doi.org/10.1007/s11306-023-02080-0



/\/\etabo‘omics N,

Quality Assurance &Quality Control

Consortium (mQACQ)
° ° °
Community-driven guidance
Key Areas
Y
E
g 1) Pooled QC use in untargeted LC-MS-based metabolomics studies in upcoming
|ﬁ System Suitability Testing N mQACC guidelines should cover:
g 0 20 40 B0 80 100
o2
2:8 g Injection method, frequency, and placem:ant with in & ruin
= Considerations in creating a poo!ed () C
Evaluation metrics and reporting guideline:s  mmm"m—————————
- Purpose descriptions including use-case SCenarios
e Metabolite ’ ; ; : -
Annotation/ldentification | do not think that guidance for this topic should be included 1

Fig.2 Polling questions administered to the audience during the
workshop by using an on-line tool. Note: All questions were ‘choose
all that apply’ questions. Number of responses N= 140 (Question 1);

Reference Materials

|

Data Quality

WORKSHOP 2023

Quiality Assurance

ERE P -+

L

Dunn WB, et al. Metabolomics, 2023, 19:93



Planning phase

Data collection
phase

Interlab | | Intrastudy

QC data | QcC data
Interstudy | Study

QcC data | data

Data analysis and

dissemination Data quality identification =1 Data sharing Data
h . review B e ) B availability reporting
p asE K hi

Metabolite

Fig.3 A proposed framework for the living guidance document that mQACC plans to publish. Initial guidance will be grouped into three main
phases dictated by the basic tenets of a metabolomics research study. As additional considerations develop, they can be incorporated into any of
these phases where appropriate. Thus, the guidance can grow along with the field

Mosley JD, et al. Metabolomics. 2024 12 Feb, 20:20. https://doi.org/10.1007/s11306-023-02080-0



Possible avenues to contribute

>tabojomics
Quality Assurance &Quality Control
Consortium (mQACC)

_end your voice during worksho

Report QC practices in manuscri

acting as a reviewer

Become a member of mQACC

0s and meetings

0ts

Require fit-for-purpose quality measures when

Mosley JD, et al. Metabolomics. 2024 12 Feb, 20:20. https://doi.org/10.1007/s11306-023-02080-0
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Recent Advancements

Scenario 1 - Deriving points of departure via Scenario 3 - Chemical grouping for read-across

» Metabolomics data submission to ECHA benchmark dosing

. * Metabolomics data used to assess the similarities of the
o EEmEEfs €RsTg (EHTY) Epontin i [een biological responses to chemicals, thereby forming

> EU rope an C he mic a l.S Agen Cy ( EC H A) demonstrated for transcriptomics to determine the level of chemical groups.

chemical exposure that activates gene expression.

. . . . . « Similarly, metabolic points of departure (PODs) will b * Read-across of an adverse (apical) outcome from one
» Chemical rengtraUOﬂ dossier built on d;?:,g;);r:: :19?;§0F:§2issoda;pszt: e o) wil be chemical to the next will be based on similarity of the
20 ye ars Of resea rch metabolic responses. cl Br
> Dec 2023 - ECHA funded NAMs ra © ©
development
» Best practices publication by MERIT Scenario 2 - Discovery of chemical mode(s) Scenario 4 - Cross-species extrapolation of
of action and molecular key events toxicity pathways
> MetabOlom]CS Standards Imt]at]ve n « Discovery approach to help identify molecular key events * Environmental chemical risk assessment currently
(KEs) and accelerate construction of adverse outcome focused on only three test species (algae, Daphnia, fish).
oxicology
pathways (AOPs). * Metabolomics and multi-omics data will enable an
> PUbll shed ] n N ature Comm * Time-series metabolomics measurements will provide understanding of cross species toxicity through
: mechanistic data linked to an adverse (apical) outcome. knowledge of molecular pathways.
> Development Of an OECD OmiCS Reporting Mo|ecu|ar Molecular Adverse o
Framewo rk Inlllatlng - key events ‘ outcome [ ] ..

event (MIE) (KEs) (AQ)

» Guides reporting of data to regulators

> Multi-omic reporting From: Use cases, best practice and reporting standa

metabolomics in regulatory toxicology Viant et al



https://www.nature.com/articles/s41467-019-10900-y
https://www.nature.com/articles/s41467-019-10900-y

Grouping & Read Across

» 15t step: present scientific justification

» ‘source’ chemical -(grouping)—> ‘target’
chemical

» Existing in vivo toxicity data “read across”

» Avoids further animal testing

» One of most common alternatives to animal
testing

» Poor quality == rejection of chemical dossier

» “omics” data can strengthen scientific
justification

U.S. Environmental Protection Agency

Scenario 3 - Chemical grouping for read-across

* Metabolomics data used to assess the similarities of the
biological responses to chemicals, thereby forming
chemical groups.

* Read-across of an adverse (apical) outcome from one
chemical to the next will be based on similarity of the

metabolic responses.

From: Use cases, best practice and r
standards for metabolomics in regul
Viant et al., Nature (2019)
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» Metabolomics for Chemical Grouping (MATCHING) project
» Key findings

» Implications for stakeholders (chemical industry, governmental agencies, etc.)

U.S. Environmental Protection Agency




Cefic LRI C8 — MATCHING
MetAbolomics ring-Trial for CHemical groupING

Assessing the Reproducibility of Metabolomics Within a
Regulatory Context Through a Multi-laboratory Ring-trial

=9 UNIVERSITY OF B =-BASF
2 Aim <y BIRMINGHAM We create chemistry
» Conduct a blinded ring-trial to demonstrate that six
metabolomics labs, each generating, analysing and reporting
metabolomics data from a single rodent toxicity study, can

arrive at the same regulatory conclusion

" Impact syngenta

» (a) support changes in regulatory practice by demonstration of
high reproducibility of metabolomics assays, or VU %

» (b) identify technological improvements needed before
metabolomics can be more widely adopted into regulatory
toxicology

Imperial College
London

The views expressed in this presentation are those of the authors and do not necessarily represent the
views or policies of the U.S. Environmental Protection Agency.




Specific objectives and work packages

Prepare a set of quality-checked plasma samples for the
metabolomics ring-trial, derived from blinded 28-day rodent
tests using eight chemicals (test substances selected by ECHA
and BASF from the MetaMap®Tox database)

Objective 2

Objective 3

Conduct a blinded ring-trial comprising of six metabolomics
labs, and report the chemical grouping results and conclusions
of regulatory relevance to ECHA (including using the OECD
Omics Reporting Framework)

After ring-trial partners have reported (blinded), ECHA collates
and all partners evaluate the ring-trial findings and conclusions,
and disseminate project outcomes to regulators and industry

WP 1 - Ring-trial preparation and rodent exposures

1.2 Chemical selection
1.1 Prepare ring-trial
documentation

If needed

1.3 Rodent tests & plasma sampling
1.4 Sample integrity checked /

o

WP 2 — Metabolomics ring-trial and reporting
All ring-trial participants

T8 = 5 »[z

2.1 Extraction & measurement 2.2 Analysedata 2.3 Repgrtirlg)
' L 2

WP 3 — Collation of findings, internal reviews,
dissemination

Grouping of 8
chemicals by each
laboratory

%>C’ Co%é): Can the labs
?é;('_ C%\ED . arrive at]the — »
same regulatol —
6:—%3 © conc?ugsion?w —

) b
% e %E% o .
3.2Review 3.3 Reporting 3.4 Dissemination

3.1 Collation of ﬁn_dings processes and
of all laboratories reporting
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Animal Study Metabolomics

» Rats treated with compounds for » Partners applied in-house LC-MS-
28 days based metabolomics to plasma

» Plasma samples QC’d and sent to samples
partners » QC checks applied

» Study followed German animal » Individual data assessment
welfare law in AAALAC-certified strategies to group 8 chemicals

laboratory (BASF) » Data reported to ECHA following

!!!!!!!!!!!!!!!!!!!!!!!

OORF guidelines
C L 11 g Imperial Coll
syngenta oo 0 0 B BIRVINGHAM
C“ECHA I l yng '

k VRIJE n = BASF
V U AMSERDAM We create chemistry

PRO’
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- 8 test substances

WY-14643 50892-23-4 1200 ppm 400 ppm In diet
- Route of TS2 4-Chloro-3-nitroaniline  635-22-3 Anaem1a 90 mg/kg b.w. 30 mg/kg b.w. In corn oil
administration
- Dosing vehicle TS3 17a-Methyl- 58-18-4 AR 80 mg/kg b.w. 20 mg/kg b.w. In corn oil
- Doselevels TS4 _tl_iit:;(tf;:ze 10161-33-8 AR 30 mg/kg b.w 10 mg/kg b.w In corn oil
+ Known MoA S L BrKE BV
. TS5 Aniline 62-53-3 Anaemia 100 mg/kg b.w. 10 mg/kg b.w. In aqua bidest
- MoA-defined
groupin g TS7 Dichlorprop-p 15165-67-0 PP 2250 ppm 1000 ppm In diet
TS8 2-Chloroaniline 95-51-2 Anaemia 160 mg/kg b.w. 40 mg/kg b.w. In corn oil
Substances blinded TS9 Fenofibrate 49562-28-9 PP 400 mg/kg b.w. 100 mg/kg b.w. Drinking water
. . containing 0.5% CMC
to ring trial partners
\
Femal
MetaMapTox (a) Females (b) Males
* metabolomics o 151
. . *
(biological) response 15 . £ 10- *
R , § 1
database g-/ 10- X 5
* Mapping — 8 of 29 o N ol ¥y A .
o o % R >
substances . i ‘: e ,
. 0- =97 "> g
3 MoA categories " s ‘* *
. i * -10- = 8
* PP Anaemia, AR <
15
* Moderately separated -10-
. 30 -25 20 15 10 -5 0 5 10 15 40 -35 30 25 20 15 10 -5 0 5 10 15 20
AR = Androgen Receptor Agonism
PP = Peroxisome Proliferation PC1 (9.3%) PC1 (14.8%)




Reporting Grouping results - Males

» Methods Group  Test Confidenc
» Quality of data R Grouping results - Females
» Results of grouping the 8 test substances 5 Group  Test Confidence
substances
» Supporting evidence C A
» Prepare OECD Omics Reporting Framework B
» Send directly to ECHA by the agreed deadline C
» All of this was blinded

OOREF reporting element Range of methods reported

OOREF Data Acquisition and Processing Reporting Module: QA/QC practices

Intrastudy QC precision report Median RSD of intrastudy QCs, Median RSD of intralab QCs,
PCA scores plot of QC and biological samples

OORF Data Analysis Reporting Module: Multivariate analysis
Unsupervised HCA, Correlation, PCA, Bootstrap PCA, Consensus PCA

Supervised HCA, PLSDA, OPLSDA, LDA, SUS plots, Correlation,
Bootstrapping




» Unblinding — 5 of 6 labs obtained high quality data
» Partner #6 — analytically noisy data, poor QA/QC

QC results  resutts

a b c
0% 1 so{
— 10 1 —
= = Y
@ N !
o g |
S 0 S ‘:
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O O ;
o . o /
-101 )%
ﬂ““-x.*(__ ______ a"
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PC1 (19.5%) PC1 (19.8%) PC1 (19.7%)




Chemical Grouping Results: Summary

Males Females
Test substance Grou
code P
TSA1
TS7 A
TS9
TS2
TS5 B
TS8
TS3
C
TS4
. Grouping was performed based on individual
statistical strategies
U.S. Environmental Protection Agency  ® Anal)’SiS showed similar grouping for 5 par'tnel‘s who

finished data analysis



Chemical Grouping Results: Visual
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Learnings

The identical grouping results were achieved across the five labs without harmonised
» instrumentation

data types: untargeted, targeted, hybrid

sample preparation protocols

LC-MS methods

data processing workflows and statistical evaluation

vV v. vy

Diversity in approaches was encouraged from the start to be representative of the metabolomics
community.

Partners with identical grouping results observed good data quality - against each lab’s own
acceptance criteria. The Partner who did not achieve sufficient data quality ultimately did not go on
to group the data.

Each Partner used multiple approaches to answer the grouping question and/or to enhance their confidence
in the grouping results.

Statistical grouping approaches Approaches to derive confidence in
grouping

- HCA - HCA
- Correlation - PLSDA, OPLSDA
- Multivariate visualisation - LDA

- SUS plots

- Correlation

- Bootstrapping



Conclusions & Next steps

MATCHING study has
demonstrated high
reproducibility of metabolomics
analyses

The project paper is now
published in Archives of Toxicology

Initial assessments suggest that
‘good metabolomics practice’ is
sufficient to achieve reproducible
results across laboratories

As a follow up, the project team
will assess the comparability of
the metabolomic signatures that
delivered the reproducible
grouping results.
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Cefic-LRI Long-Range Research Initiat... » 2nd + Follow +

Cefic-LRI is proud to fund research such as the MATCHING Project £ !
Great collaboration between industry, regulators and academia!
=} “This is a massive step forward to improve the existing grouping and read-

across approach. The fact that five labs from different countries all got the same,
correct results while using different methods and instruments, their own

procedures and statistical analysis shows that metabolomics is a reliable method,”

said Katherine Santizo, Cefic-LRI Programme Manager.

University of Birmingham Mark Viant European Chemicals Agency Imperial
College London Syngenta BASF BASF Metabolome Solutions GmbH US
Environmental Protection Agency (EPA) Vrije Universiteit Amsterdam (VU
Amsterdam)

#metabolomics #research #CeficLRI #chemicalsafety #chemistry #chemicals

¥ https://Inkd.in/eC4wsRQF

Long-Range
Resuarch Initintive

%ce{ic LRI

European Chemical Industry Council

O - BASF

We create chemistry

UNIVERSITY OF
BIRMINGHAM

Imperial College
g
syngenta

UNIVERSITEIT
AMSTERDAM

VU¥

SPRINGER LINK

Findajournal  Publishwithus  Trackyourresearch Q Search

Home > Archives of Toxicology > Article -
Archives

Demonstrating the reliability of in vivo oLl
metabolomics based chemical grouping: b
towards best practice

Toxicogenomics and Omics Technologies | Open access | Published: 18 February 2024
(2024) Cite thisarticle

Archives of Toxicology

Aims and scope >

Download PDF % © You have full access to this open access article T TR =

Mark R. Viant [, E. Amstalden, T. Athersuch, M. Bouhifd, S. Camuzeaux, D. M. Crizer, P. Driemert, T. Use our pre-submission checklist >

Ebbels, D. Ekman, B. Flick, V. Giri, M\. Gdmez-Romero, V. Haake, M. Herold, A. Kende, F. Lai, P.E. G. Avoid common mistakes on your

manuscript.

Leonards, P. P.Lim, G. R. Lloyd, J. Mosley, C. Namini, J. R. Rice, S. Romano, C. Sands, ... H. Kamp

¢

h}f making_ the grouping and read-across app roach more

robust h}' using metabolomics, the number of lab rats

being tested could be dramarically cut.

Professor Mark Viant, School of Biosciences, University of
Birmingham



Upcoming Webinars

Small Drinking Water Systems

February 27: Lead Service Line Inventory Guidance

WEBINAR Registration and Additional Information

Water Research

February 28: Effectiveness of Nutrient Management for Reducing Nutrient Losses from
Agricultural Fields

Registration and Additional Information

EPA hosts webinar series

dedicated to delivering oo0oo Healthy and Resilient Communities
the latest information zlm\!hjilm\!hjs March 12: Social Systems and Justice in the Fifth National Climate Assessment
and training on our Registration and Additional Information
cutting-edge research ]
addressing ifi Computational Toxicology and Exposure Communities of Practice
environmental and = March 28: Utilizing Suspect Screening Analysis Methods to Examine Pooled Human Serum
public health issues. —  Samples

Registration and Additional Information

Webinar dates and topics
are subject to change.



https://www.epa.gov/water-research/small-drinking-water-systems-webinar-series
https://www.epa.gov/chemical-research/computational-toxicology-and-exposure-communities-practice-utilizing-suspect
https://www.epa.gov/water-research/small-drinking-water-systems-webinar-series
https://www.epa.gov/research/healthy-and-resilient-communities-research-webinar-series
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