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INTRODUCTION When we estimate quantiies such &5 clesnup levels, thase
d numerical values apply 1o some quality that is beng

of quantities such a3 levels of effects or rumerical ereris.  quantified, Before deriving quantiies, we must detemine
Ortens these quantities eould be estemated by multiple data whether the system actually has a qualty to be cuantifed
analysia methocds spbed to muliple data sets fommultisle  (e.0., mpairment or causation) or altemative qualtes that
experimentsl or chservations] spprosches. None of e coud be quantied (e.q., sssessment endpoints or hazerds)
multiple estimates is the unknown true velue, but each  using the method described in the companion paper (Suter
provides evidence conceming the true value, Hence, 1= et 4l this issum). Note that even f & quality is assessed
sppropriste 1o weigh sach piece of evidence (estimate) to ically e s 0, it is sl
determine the bestaupported value of the effect level, 2 quality. The quslity may be detemined & priori fe.g.,
tiweshold concentration, o whteves vahue & being derved  standard assessment endpaint. 1 & not, 1 may be derived
{USEPA 2016} y WoE, becsuse there are likely to be multple pieces of

W presant a formal ramework tht uses the richness of e evidence concerming the quality that must be considered
body of mlormation 1o derive quantiies by weighing Havng defined the cualy, the sppropriste quantiy is

nce. Note ths & not & derwed.

tion of the weight of evidence (WoE) process 1o This framework for inferrmg quantties by WeE, like other
derive qualities (e.g., Linkov et al. 2009); rather it i the US al P i i i
derivation by WoE of & numerical cuiput that is an actual  imended 1o be sufficiently general and flexible ta spply 1o
gquantty. This spprosch & ilusirsted by examples fom  the range of sssessmant proéslems addressed by the various
ecalegiesl ssstssments, but it equally spplicshletohuman  ofiices of the USEPA and other organizations that may find
sl atsessments it usef.

Table 1 preserts examples to lustrate how qualiies and
quantities are assoristed n ewirormentsl sssessments.  THE FRAMEWORK

The framewark for WoE 1o derive 3 quantity has 3 basic
steps (Figure 1). Frst, the quality to be cuantied
determined, This step uses the WoE framewerk for nferng
= quality (Suter et al this ssue). The other steps are distmet

and uantitative. evi
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Bayesian inference

Bayes' rule: N L;:gi:;cg;d
P(6]Y) o< P(Y|B) x P(B) P(6|Y)

Prior

P(6)

The posterior probability is proportional to the product of the likelihood function and the prior probability

Your predictionis a compromise between your new evidence and your assumptions

Jannicke Moe 01.03.2022 5



Bayesian
networks -
basics

The model uses Bayes rule to combine
new evidence (e.g. EC50 values)

with prior probabilities

(from the conditional probability table)
to predict posterior probabilities

{

Substance
graup

Parent node

oxicity to daphnids
(ECH0)

States:
Probabilities:  States: intervals
Bars %  categories (EC50)
!
Substance group [ﬂ' Tawicity ta daphids I:E..RT_'/’
0,00 HLS & p=-5.43, 02=4,34 a
0.00 HL 2 ] 2,46 -inf- 9
B 3333 HYN pr— L
. 33,33 HMS ] 343 4--6 =
21,21 6--5
[ 33,33 HMU ] o
19,29 -5- -4
0,00 HHM ] oo
12,89 -4--3
0.00 HHO ¥ S
#
Conditional probability table (CPT)
—
[T:xicitv to daphnids (EC50) ]
Substance gr...| LHS LHU MLM MLS ML MMM MMS MMU MHM MHS MHU HLM HLS HLU Hv
Hnf--2 0.0114 0.009 0.0053 0.009 0.0082 00024 00034 00055 0.0048 00067 00096 0.0326 00392 D.0463 0.021
9-5 02518 02628 0.2048 02356 02476 01547 01823 018358 01923 0.218 0.229 0.3792 04259 04268 0.32¢
6--5 0.2108 02141 0194 02124 02085 01771 01792 01509 01534 02043 02091 02115 02134 02135 0.20¢
E == 02206 0.219 02281 02242 0.223 0.2189 02274 02293 D0.225 02224 0.2182 01852 01652 01669 0149
«-4--3 01624 01569 01504 D1699 01683 02079 02008 01931 01861 018358 0176 01116 0.0945 D.0S08 0.13]
-3-0 014058 01358 01725 D1465 01443 02306 02008 01913 01931 01615 01548 00777 D.0608 D0.0551 01049
)U—inf 0.0024 00024 00043 00024 00031 00084 00061 0.006 0.0053 0.0036 0.0033 0.0018 00009 0.0006 0.00]
<
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How can our Bayesian Network be used in a WoE approach?

EFSA JOURNAL

Main steps for WoE assessment (EFSA):

Scientific Opinion & OpenAccess @ @ @

Guidance on the use of the weight of evidence approach in
scientific assessments

EFSA Scientific Committee, Anthony Hardy, Diane Benford, Thorhallur Halldorsson, Michael john Jeger, AVAILABLE INFORMATION
Helle Katrine Knutsen, Simon More, Hanspeter Naegeli, Hubert Noteborn ... See all authors Includes preliminary consideration ofrelevance andreliability

1 published:03 August 2017 | https://doi.org/10.2903/j.efsa.2017.4971 | Citations: 47 ¢ ¢ ¢ ¢ ¢ ¢ ¢

LINES OF EVIDENCE
Our BN-WoE should be e evidence  basen e e e
* consistent with WoE Voo
approac hes recommended Assess the relevance and reliability of the evidence
for regulatory frameworks
(EFSA, ECHA, US EPA, OECD)
* quantitative
* intuitive
* flexible

2) Weigh
the evidence

3) Integrate
the evidence

Assess consistency\across the evidence

Three basic steps
for weight of evidence assessment

WEIGHT OF EVIDENCE CONCLUSION

Jannicke Moe 01.03.2022



Data sources for
BN development
and evaluation
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SWiFT WP3
working
database

SWIFT
WP1-2

New data
from
SWiFT WP2

SWIiFT WP1
database?

Data sources

TRAINING
EnviroTox Source of CPTs for nodes in
database «Assemble evidence»
Info for Info for Priors for
Substance «Warning Lines of
Group node» Evidence

T ais |
—
QSAR

FET

Jannicke Moe 01.03.2022

TESTING

Source of CPTs for node
«Integrate evidence»

Weightscenarios: Weights calibrated
0-25-50-75-100% byregression:
FET 45% FET

il Gils

FET FET

‘ Comparison t



BN model structure
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Schematic model structure

Substance

group * Prior probabilities of toxicity to fish

organised by substance group
» User: Enter information on substance

Algae Fish gill
and cyto- * 3lines of evidence

daphnids toxicity e User: Enter toxicity values

* Posterior probability
e User: check warning (applicability domain)
» User: get model prediction

Acute fish
toxicity
(juvenile)

Jannicke Moe 01.03.2022
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The full BN model:
structure

EI
————
Select number of da

e

PHNIDS VALUE 1
(EC5D)

ALGAE VALUE 1
(EC50)
— =

Toxicity to algas
(EC50)
Toxicity to daphnids

(EC50, moiL) \ /
Ratio EC50
Toxicity to fish embryo
daphnids/algae {int) (LCS0)
i
oxicity predictad
from other taxa
(EC50)

Substance
agroup

— N
EMBRYO VALUE 1
(Lcs0)

Toxicity to algae
(EC50, malL)

Toxicity to daphnids
(EC50)

Toxicity to fish emb...
(LCAD, mo/L)

Fish gill cytotoxicity
(EC50, mgiL)

CONSENSUS MOA
(NISIU)

~ HYDROPHOBICITY
(log Kow) #

Hydrophobicity
(LIM/H)

W ing
scenario Cross-valida

ouch-evoke response
of embryo

(NFYIL) 4
‘arning: substance flagged as

outside of applicability domain

(NY)

Toxicity to fish embryo

Molecular weight
(LIMIH)

WHOLE BODY
BIOTRANSFORMATION RATE
(Km; SINIF)

A MOLECULAR WEIGHT® ‘

(gimal) 7
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The full BN model:
probability distributions

SEIECT NUMOEer o7 al. Vo r——
Select nurber of daf] | embrya aills [ e e o
5, 02 Select number of 8. 5| -4.63 4,25 e

ALGAE VALUE 1 (ECS0) [
-4.152300 Mean
4736615 Yariance

DAPHNIDS VALLE 1 (Ei
5.466467 Mean
7,393388 Variance

GILLS VALUE 3 (ECS0) [
: -4,247500 Mean
.
EMERYG VALUE 3 (LCS0 GILLSVALLE 1 (ECS0)
EMBRYQ VALUE 1 (LCSO)N| o 2arson flean

-4,632767 Mean
19,588995 Variance

+
Toxicity to daphnids (€.

Toyicity to daphnids (ECS K=-5.43, 02=4.34 -
145.01, 02=08210.42

246 -irf -9
3443 9--6

A
1599 0-0.00 21,21 -5 . =
1102 0.01- 0.1 19,29 5--4 ;
ég:iz 01 1n1 s 13 23 :3:63 Toicity to fish erbrya
st X ) 5L, 21126 & Fish gill cytotoyicity (ECH
885 100 - 1000
sER innn - ink T 6427 0-0.5
[ 838 05-2 |opacifict

| 27.35 2-inf u
[8.38 Similar
Different Toxicity predicted from o.<]
=484, 2=6.17
474 -5
26.55 9-6
15,87 6--5
16,91 5--4
14,12 -4--3
19.27 -3-0

254 Ao inf

8,63 10- 100
7.56 100- 1000 4

25 tann ik

Fish gil cytotoxicity (ECSI<]
p=4.29,02=10.79 &
1477 k-5
6

COMSENSUS MOA]
3333 N
33,33 5

3333 U

HYDROPHOBICL [

5.45

Hydrophabicity (.

o L Weighting scenaricf»|-
M

20,00 Ak_1

0.00 H 20,00 A2

20.00 Ak3

20.00 Ak4

Malecular weight | Touch-evoke res| Taicity to fish ef p=-4.5, 02=5.82 20.00 A5

| 333N . szs0 L

3333 ¥ s 4750 H
| 3?IBU
WHOLE BODY EII{] Warning: substan
3833 s n
zEr a9 V=270.53, 2=170195,44 & [i=311.01, 02=184652,45 &
12.96 13.24 0-0.01
355 589 0.01-0.1
MOLECULAR WE] 1207 1152 0.1-1
1722 1556 1-10
0.3t 1650 1546 10- 100
1195 0 . 1173 100-1000 '
3038 snon it %33 e
1690 3
17.22 4
1207 5
BSS & 33.58
12.96 7
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Purpose:

identify substances for which the BN
predictions may not be reliable

Reasoning:
response of fish embryo may not

representative of later fish stages

WHOLE BODY
BIOTRAMSF ORMATION RATE
{Km; SIMIF)

Ratio EC50
daphnidsialgae

ouch-evoke rasponse Taxicityto fish embryo
of embiryo wH)
(NYILY

Warning: substance flagged as
outside of applicability domain

Current criteria to trigger a warning:

. Fish embryo toxicity = Low

. Daphnia/algae toxicity ratio = High

. Touch-evoke response = Yes / Unmeasured
. Biotransformation rate = Fast

Ongoing work:
. Refine Embryo toxicity criterion
(< Daphnia & Algae toxicity)

. Include Metabolic activity
(embryo vs. juvenile fish)
as alternative variable?



Critieria for exclusion from the applicability domain:

1) "Warning node": substances with certain combination of toxicity values
and other properties

2) Substances without QSAR values: metals
3) ...[to be continued]

* Applicability domain is a scientific decision, not a technical issue

e  Criteria must be defined in the Technical user manual (task 4.2)
and the Guidance document for stakeholders (task 5.3)



How can our Bayesian Network be used in a WoE approach?

Substance
group

Main steps for WoE assessment (EFSA):

-

Algae Fish gill
and cyto-
kdaphnlds )| toxicity

Acute fish
toxicity
(juvenile)

Three basic steps
for weight of evidence assessment

AVAILABLE INFORMATION

Includes preliminary consideration of relevance and reliability

1) Assemble
the evidence

2) Weigh
the evidence

3) Integrate
the evidence

| | | | | | |
- - - - - - w

LINES OF EVIDENCE
Identify, filter and organise the evidence
based on consideration of relevance and reliability

\ \ \ |
\ 4 v v v

Assess the relevance and reliability of the evidence

Assess consi tencﬁicro the evidence

WEIGHT OF EVIDENCE CONCLUSION

Jannicke Moe

01.03.2022

Main steps of our BN model,
run for substance X:

0) Prior probabilities:
toxicity of substance groups,
for each LoE (stored in CPTs)

1) Enter evidence for
substance X as measured
toxcitv values for each LoE

2) Weighing evidence:
by uncertainty quantified
in CPTs for each LoE

3) Integration: by an
equation giving weights to
each LoE; accounting for
consistency across LoEs

CPT = Conditional Probability Table



Model evaluation

Jannicke Moe 01.03.2022



Model evaluation: 6x4x4 criteria

Percentage of substances

LoE weight: LoE weight LoE weight: LoE weight LoE weight:
Ernbryo 33%

Embryo 100%

LoE weight:
Embryo 45%

Embryo 0%

Embryo 50%

Ernbryo 75%

Mamns
=53 88

=B8883
ERERAR

-BEE288
AR RERR

MEO oD
=o=5388

oHEREE
ERERER

=H5388
RREARA

EEE

ERRRER

Evaluation criterion no. 1:
LC50 < 1 mg/L

Data selection criterion no. 2 {155 substances)

Evaluation criterion no. 2:
LCE0 < 10 mg/L

Evaluation criterion no. 3:
LCE0 in 1 of 3 states

Lo

Evaluation criterion no. 4:
LC50 in 1 of 7 states

|

4 4 2 012345¢86

I | N

_ 100 % 100 % —
- 30 % - 30 % —
7 B0 % - B0 % -
B 40 % + 40 % —
b 20% 20% 7
|
A 0
b 80 % 80 %
7 80 % 80 %
- 40 % - 40 %
7 20 % 20 %
T T T 0% = T T —T 0%
-1 0 1 -1 o 1
_ 100 % 100 % —
B 0% + 0% —
b 80 % 7 80 %
b 40 % 40 %
7 20 % 20 %
T T T 0% = T T T 0%
K 0 1 R 0 1
h 100 % A 100%
b 80 % 80 %
7 80 % 80 %
- 40 % - 40 %
B 20% + 20 %
B B T T 0% - T T T 0%
-1 0 1 -1 o 1
_ 100 % 100 % —
b 0% 7 0%
b 80 % 80 %
7 40 % 40 %
- 20 % - 20 %
T T T 0% = T T — 1 0%
-1 0 1 -1 o 1
- 100 % - 100 % —
7 30 % 30 %
B 80 % o 0% —
b 40 % 7 40%
b 20 % 20 %
I B T T 0% T T — 1 0%

-1 o 1

Predicted vs. observed toxicity level (difference)

Jannicke Moe
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Model evaluation: example

Data selection criterion no. 2 {155 substances)

Ewaluation criterion no. 2:
LC50 = 10 mg/L

100 % 1
&0 %

60 %
40 %
20 %
= 0%

-1 0 1

Predicted vs. observed toxicity level (difference)

Predicted toxicity = observed toxicity
=» accurate prediction

Predicted toxicity < observed toxicity Predicted toxicity > observed toxicity
=» less protective =» more protective

Jannicke Moe 01.03.2022 19



Web-based user interface
(WP4, Anders Madsen - HUGIN)



Web-based user interface architecture

Transformation Calculation Presentation

(EETREEERRs LR sasRt i bet bl iid ]

Javascript

HUGIN WS API

HUGIN Decision Engine

https://swift.hugin.com/models/extended3/

Jannicke Moe 01.03.2022 22



