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“EPA  Science Questions for Research Community

 How variable are tools and results from lab to lab?
« Are some methods/workflows better than others?

 How does sample complexity affect performance?
« What chemical space does a given method cover?
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EPA’s Non-Targeted Analysis Collaborative Trial
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Chemicals from ToxCast Library

~1200 ToxCast Chemicals
(highest quality)

10 Mixtures ‘ l
Multi-Well Plates*
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(100-400 chemicals each)
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~25 Collaborators & 6 Contractors™:

1st: Blinded analysis
2nd: Unveiling of chemicals

3rd: Unblinded evaluation
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Design of ENTACT Mixtures

m 5 NTA method replicates
® Grade A - replicate 90 set

Grade A - unique to mix

W Grade A - all isobaric set (replicated)

¥ Grades B,C - lower purity mix
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Mixture Number

Ulrich et al. 2019. doi: 10.1007/s00216-018-1435-6
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Replication in
substance spikes
offers a unique
means to assess
NTA method
reproducibility!
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SEPA EPA Lab Results for ENTACT
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Mixtures
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Sobus et al. 2019. doi: 10.1007/s00216-018-1526-4




<EPA Evaluation Tools Must Be Used With Caution

U ited States
Environmen tal Protection
Agency
Chemical is...
spiked into | not spiked
Chemicals Chemicals sample into sample
S‘;ked e Respm'teld n i reported | TP PP p |Precisiong FOR
amp'e amp’e = insample | 175 75 0.70 “* 0.30
(n=1500) (n = 250) g |
Not Correctly Not = not EN
Identified | Identified | Spiked R Rt 325
O in sample
325FNs ' 175TPs/ 75FPs TPR
A /9 | 0.35
FNR
0.65
. Fisher et al. 2022. doi: 10.1007/s00216-022-04203-3
A hypothetical example Sreres > )
. . . . pcadema
- How do we differentiate FPs from unintentional TPs?
Non 'lI{a ;:%ngs :I;ss
- What about lower-level “hits™? (e.g., Level 4) : o o £
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mm - \What about ID reproducibility? Notion cougs®
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Chemicals Chemicals
Spiked into Not Correctl Reported in
Sample Identified Identified] Spiked Sample
(n =500) (n =250)

325FNs | 175 TPs

A
A

Not Spiked &
Not Identified

9,999,425 TN

Chemicalsin
Selected Database
(n=10,000,000)

Evaluation Tools Must Be Used With Caution

- How do we appropriately handle TNs?

_ Chemical is...
= , ,:, i1 | spiked into | not spiked
sample into sample
4 reported TP FP A Precisionj, FDR
% in sample 175 75 0.70 0.30
O
= not
E reported FN N A
S —_ 325 9,999,425
TPR FPR F, : Accuracy
035 | 0.000014| 0.47 4 0.99996
FNR TNR
0.65 0.99999 MCC 0.49

Fisher et al. 2022. doi: 10.1007/s00216-022-04203-3
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Processing ENTACT Data Submissions

* Individual methods treated separately (if appropriate)

* One candidate mass/formula/compound per feature

* Confidence level revised as needed (with consensus)

* Matching to spiked substances by mass, formula & structure
* “Observed” if structure or formula (no spiked isomers) match
* “Correctly Identified” if structure match

* “Reproducible” if correctly ID’d >50% of the time
* “Eligible” compounds spiked >1 time and identified 21 time
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Forward vs. Reverse Evaluation
Forward Reverse
Spiked Observed? Correctly Reproducibly
Compound ID’d ID’d
1 Yes Yes Yes 1 No
2 Yes Yes No 2 Yes
3 No No - 3 Yes
4 No No - 4 Yes
5 Yes Yes Yes 5 No
6 Yes No - 6 No
7 Yes Yes No I Yes
8 No No -- 8 No
9 Yes Yes -- 9 Yes
10 No No -- 10 Yes
- 100 Yes Yes Yes 125 No




SEPA Outlining Utilized Performance Metrics
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* Observability Rate = # Observed / # Spiked

— If it was spiked, could your instrument detect it?
* True Positive Rate = # Correctly Identified / # Spiked

— If it was spiked, could your workflow correctly ID it? Forwarc.l
. Evaluation
* Correct ID Rate = # Correctly Identified / # Observed Metrics
— If it was observed, could your workflow correctly ID it?
* Reproducibility Rate = # Reproducible / # Eligible
— If it was correctly ID’d once, was it correctly ID’d most of the time?
* Reporting Rate = # Reported / # Spiked
. . . Reverse
— What is the ratio of reported to spiked compounds? i
: . Evaluation
* Correct Reporting Rate = # Correctly Identified / # Reported Metrics

— If it was reported, was it a correctly identified spiked compound?



SEPA  Method Comparison: “Observed” Compounds
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7 Labs, 12 Methods

~5% Not Observed by Any Method 1200

1000

69% 46% 45% 45% 42% 39% 29% 22% 22% 21% 48% 62%

800 A

600 A

Compound #

400 -

ces 200 1

Biochanin

Ethiznamide Atorvasta Atorvastatin calcium
DTXSID:DTXSID0020577 1022394 DTXS D802986: DTX SIDE044303
CASRN:536-33-4 CASRN:491-80-5 CASRI 3-00-5 CA: 523-03-8
TOXCAST:2/400 TOXCAST:143/470 TOXCAST:63/400 TOXCAST:66/448 O b d

Not Observed




SEPA Method Comparison: 3 Forward Metrics
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SEPA Example Performance Report
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Performance Scores:
(% of max score)

Correct ID Rate: 88%

2 Obs. Rate _
o 10 min max
-t}
3
§ . Repro. Rate: 78%
=]
o min ‘ max
oe
. 0
020 040 0.60 0.80 1.00 Obs. Rate: 30%

Correct ID Rate min ‘ max




“EPAA __ Method Comparison: TPR & Reverse Metrics
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@ Hybrid (Lab 6)

@ LCESI+ (Lab 4)

Q LC ESI- (Lab 4)

@ LC ESI+ (Lab 3)
1.18 1.48 @ LCESI- (Lab 3)

1.28
@® LCESI+ (Lab 2)

OLCESI- (Lab 2)

S Reporting

Rate

0.40 0.60 0.80
Avg. True Positive Rate

Metrics (all %):

Bubble Size -
Amount reported

X-Axis =2
Correct IDs across
all spikes

Y-Axis =
Correct IDs across
all reported



YEPA Additional Results for Collaborators
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" Simple performance summary file (n=1 per method):

* #and % correct identifications per sample

" |ndividual results files (n=10 per method):
* Mass match (yes/no), formula match (yes/no), compound match (yes/no)
* Highest confidence level (as reported or after consensus revision)

" Composite results file (n=1 per method):
* For each spiked substance (n=1,269)
— # of spikes (1-10), # of isomer spikes (1-5)
— # mass hits, # formula hits, # compound hits
— Observed (yes/no/undetermined), Correct ID (yes/no), Reproducible (yes/no)

Office of Research and Development



Some Challenges (to date)

" Multiple chemical candidate submissions per feature

" |nconsistent & inaccurate use of scoring metrics

" Inconsistent & inaccurate chemical reporting procedures
" Inconsistent and unclear feature filtering protocols

" Limited engagement regarding collaborator follow-up

= Determining FPs vs. uTPs

= Determining TNs and dependent metrics

= Slow evaluation process vs. rapid method development processes

Office of Research and Development
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SEPA Summary of ENTACT Findings
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 NTA methods are suitable for many ToxCast chemicals
« ~5% of ENTACT compounds not observed by any method

« Multiple methods required for broad characterization
* No “one size fits all” method
« <1% of ENTACT compounds observed using all methods

 Performance determined across multiple metrics:
« Observability Rate = Ability to observe those spiked = (22% to 69%)
* True Positive Rate = Ability to identify those spiked 2 (2% to 61%)
« Correct ID Rate = Ability to identify those observed - (7% to 99%)
« Reproducibility Rate = Ability to consistently identify > (7% to 97%)
« Reporting Rate = Amount reported vs. spiked 2 (23% to 264%)
Correct Reporting Rate = Amount correctly ID’d vs. reported 2 (5% to 90%)




Questions?

sobus.jon@epa.gov

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