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ABSTRACT. During the past few decades, toxicity science is shifting from observative to predictive science. New approach
methodologies (NAMs), including in chemico, in silico, in vitro approach, gain attention to reduce, refine, replace the whole
animal toxicity testing. However, actual acceptances of NAMs in regulatory decision-making have been limited due to low
confidence. To address the current constraints, Accelerating the Pace of Chemical Risk Assessment (APCRA) initiative con-
ducted several case studies and presented the perspectives of next generation risk assessment (NGRA). In this review, we sug-
gested a concept and perspectives of NGRA through analysis on APCRA case studies.

Key words: New Approach Methodologies (NAMs), Accelerate the Pace of Chemical Risk Assessment (APCRA), Next Gen-
eration Risk Assessment (NGRA), Chemical management
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H(animal rights) A14}of HH(R)3
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Principles for the Next Generation Risk Assessment of cosmetic ingredients by ICCR

Principlel Principle2 Principle3 Principle4
. H fet
The ultimate of NGRA uman saety Exposure-led Hypothesis-driven
assessment
Principle5 Principle6 Principle7
How the risk assessment Appropriate Atiered and Robust and relevant
should be conducted appraisal of all data iterative approach methods
Principle8 Principle9

How the risk assessment
should be documented

Figure 1. Principles for the NGRA of cosmetic ingredients suggested by ICCR (International Cooperation on Cosmetics Regulation)
modified based on nine principles to ultimately help those involved in cosmetic safety assessment build integrated safety assessments
without generating animal data. (Dent et al., (2018) CompTox 7: 20-26).'¢
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Figure 2. Number of publications indexed by PubMed annually
using search terms “New Approach Methodologies, NAMs” and
“Next Generation Risk Assessment, NGRA”.
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APCRA Case study1 (2020) ----=========~

APCRA chemicals (448)
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(Toxicokinetic, TK) A} & of 7|Qk3F IVIVE(in Vitro to in Vivo
Extrapolation) 1-#l0]c}. IVIVE 40| sisted 4}
CEEE PEREE DEER ENERPERTE I
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U mee BRI SN D B A
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(Point of Departure, POD)Z At&dfjo} k272 o)) in vitro
bioactivity 2 F-E] PODE AF&35}7] 9= in vitro bioactivity©]]

7uke SRR 7L B ol Aol WS B A
H 7] ol A ol A &5 g Bl o &
A A(seale)o] ThErHz BA 7 AT Wb olelg B
A sAskna AA) v serEAe] A7 Aao] we
5-4=(Absorption), -3 (Distribution), T AH(Metabolism) 2
i (Excretion) 1745 43t o 2 HeFalelal, o =&
Tt Y =S 54 33 232 /A7) NA 9 &%)
2ol A meistel AA) o S TS A
Lok Hke 4 0 7 HElsls oA ek 2 (reverse dosimetry
44890k, 0|2l TK ol 7|4t o e 7

approach)o] %

Data

Hazard evaluation

In vitro bioactivity

Gap
Filling

Compound
present

HTTK absent 7

( NAM-based POD I

Exposure estimation

ExpoCast (SEEM2)

Risk assessment

Bioactivity-Exposure
Ratio (BER)

Figure 3. The essential workflow of case studies of APCRA initiative.
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(Eq.2). HQL= =2} §l4 2] n]- &2 shslBe] At 2lQ)
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Golel AALE 9la AAEATE S AN she
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E7} EAfohs 8o disiA = oS dolHE A4t H
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TFolA= TKAR o SoA A&7 S22 75.94%7F 4
Al TKAF=b 108 o]3he] xpo]= LhebW i, 94.31%7}
1008H ©]&}2] 2}o]= ettt 3 bioactivity of 2ol A]
79.48%0°] 33l= E& o] AA bioactivity Frx 108] o]
she] Ahol & LheblL, 91.21%7} 1008 o]k} Aol 1t
Elith. o]& &3, Health Canada 1212 in silico
W F ol 2% g metol A Aaawst =
P AL T ool A el oz TeE 4 Q8L 3lolg)
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4

N SEO et S E AMCH IoH A E T AR+
APCRA A AT o]QJof = t}ekdlt oAl in vitro
bioactivity7} A+ 7% PODE =&3st+=4 &
UtH(Table 1). A sFet=4d 15| weh 274 ‘é%@
(Environmental), $}-3=(Cosmetic), 2]5=(Food), 2]2F&(Drug),
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(ToxCast library) &2 L8238 4= Itk ZF 25 H 2 ) % AH
155 A R, Lin and Lin et al(2020)2 Bisphenol A2}
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3HS AEDsZ wselol A Aol 27 SE e
23 w2 Byl Adxkel vwstg et 183 Baltazar et
al.(2020)& 3FAFEo] E0J7F 0.1% coumarin®] t3[A] in
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At} Yu et al.(2020) & ZEEELY] oFE(prototype drug)
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Mitochondria-mediated in vitro
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2otk FAA LR AEHQ FRAY ARDZIE e
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Table 1. Studies on next generation risk assessment (NGRA) using new approach methodologies (NAMs)
Chemical L
Category - Bioactivity IVIVE Exposure Reference
Library Number
s . General bioactivity (ToxCast) HTTK R-package
Canagileltbssgr? CI“es(EggeStlc 5801  and in silico-based predicted and in silico-based EPA ExpoCast 25
APCRA bioactivity predicted values
EPA CompTox Chemical L
Dashboard 448  General bioactivity (ToxCast) HTTK R-package EPA ExpoCast 24
Bisphenol A and its ana- Estrogen receptors (ERs) . .
logues (bisphenols S, F, 4 agonist assays in the ER PBPK model EDI (Estimated Daily 32
Intake)
and AF) pathways
A group of substituted EDSP212 (ToxCast) HTTK R-package
Environment phenols 3 and CERAPP and ACD Percepta EPA ExpoCast 33
Chemicals revealed ER General bioactivity
agonist bioactivity 22 (ToxCast) HTTK R-package EPA ExpoCast 34
Naphthalene 1 General bioactivity (ToxCast) PBPK model Exposure scenario col- 35
lect from literatures
A battery of in vitro NAMs
Cosmetic Cosmetlc_ pl‘Od‘l]lCt 1 _ (receptor-mediated and PBK model Hypothetlcall use-case 36
(Coumarin 0.1%) immunomodulatory effects, scenarios
and general bioactivity)
In vitro pharmacological pro-
Food Chemicals in food and 10 ﬁlmg, Cell-stress paneI., PBPK model Hypothetlcall use-case 14
cosmetic High-throughput transcrip- scenarios
tomics
Clinical dose range
Troglitazone Mitochondria-mediated tox- where liver adverse
Drug (Prototype drug) ! icity endpoints (in house) PBPK model effects have been 37
observed
ToxCast library EPA Toiizriesé;hemlcal 709  General bioactivity (ToxCast) HTTK R-package EPA ExpoCast 38
LBy g SAFHANE BEAAL, A= Aol FHTUS BT AAY ANYBE Ao 1@
A% Yl dEE AeHE sk e HolE 7Y sk7] fsliA= AltHlol 8 & AAtsh= Aot e b
= 9oFsf in silico RS F3l HFshe TS AA olElE &3t At AT ST R S UA EA
3ttt o] 2 E3 APCRA A AT 27] Bl AFH 4 BA qH O Ho|8 S Aaksop Holtt.
T A E At §E gek FAE G 5 9
oAk wub offeh, A AFE o s‘z}%@ 744 z =
9 SIS FA AT Aol FHe] Sle) A
FEolof & 5 A A= W *é% A A8 = AEAQ F=AH 719t s E 7= ook =2
oA T8 oulE 7Rk A HA AR A= At o f1d= Astet A7 loks A2 WulRh A o]
A ol 7t S 44870 =4 2 283 ¢4 & oh 28 A AR 2 shekE o Ak grte] A&
terospectve anlysioy® 5 AT ALY AAS A AS A A5 olRech olof 34
Al B7He] ZH A NS Xﬂ”ﬂ an, = A AR A oAM= AtAIS B8 et AAH flsAd B
T AA A dHED] S8 A At A AltH 7V 5% i, 24l A, Al ‘474& A Bk T
ZA YRS AgSEA A% dolHE TSI i oS Fo SR A Bl BRAE Bl
silico H] o] 6| & AAtst ). o o2, 9-2]= o] A+t o 4= A%, o & WAAF]7] St WehE BAsh=T|
A 2 54 okl Al F AT 71Nt B ) H|o] Za3 AEES ANSHATHE AollA onlE A d T

B Aldte] FursiA AAE I Qo THHe mo
‘ 492 BHel5HSTh APCRA o] U 4]
5 2] A AT} HelFe AN, Al
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