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JaCVAM statement on the SkinEthic™ HCE TTT, an alternative method for
evaluating eye irritation

At a meeting held on 12 December, 2023 at National Institute of Health Sciences (NIHS) in
Tokyo, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)

Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: This test method has high technological transferability and within- and
between-laboratory reproducibility. Regarding predictive capacity, we believed
that consideration of the applicability domain would enable the classification of a
substance as United Nations Globally Harmonized System of Classification and
Labeling of Chemicals (UN GHS) category 1 or 2 or determine no category.
However, it was impossible to distinguish between UN GHS categories 2A and
2B. Moreover, regarding a solid, as the false negative rate for discriminating UN
GHS category 2 and no category is high (28.9%; close to the standard set by the
OECD of <30%), the classification of UN GHS category 2 for solids should be

performed with caution.

This statement was released following a review prepared by the eye irritation test JAICVAM
Editorial Committee to acknowledge that the results of the review and study by the JaACVAM

Regulatory Acceptance Board have confirmed the usefulness of this assay.

Based on the above, we proposed the SkinEthic™ HCE TTT method as a useful means for

assessing eye irritation potential during safety assessments by regulatory agencies.

o -__.-’.'.._.,..I_.i"_ AL a—a g r il
CES | . _“.-"E' .:_q. ._rﬁ_ E‘ﬁ-:-'l-':l'-r =
Nishikawa Akiyoshi Hirabayashi Yoko

Chairperson, Chairperson,

JaCVAM Regulatory Acceptance Board. JaCVAM Steering Committee.

February 26, 2024



vi

The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering

Committee, and is composed of nominees from the industry and academia.

This statement was endorsed by the following members of the JaCVAM Regulatory
Acceptance Board:

Nishikawa Akiyoshi (Division of Pathology, Center for Biological Safety and Research:CBSR,
NIHS / Nagoya Tokushukai General Hospital) : Chairperson

Hirabayashi Yoko (CBSR, NIHS)

Kojima Koichi (Food and Drug Safety Center)

Matsumoto Kazuhiko (Nagoya City University)

Nakamura Ruriko (National Institute of Technology and Evaluation)

Nishimura Jihei (Pharmaceuticals and Medical Devices Agency)

Term: From st April 2022 to 31st March 2024



This statement was endorsed by the following members of the JaCVAM steering Committee

after receiving the report from JaCVAM Regulatory Acceptance Board:

Hirabayashi Yoko (CBSR, NIHS): Chairperson

Hayashi Akiko (Ministry of Health, Labour and Welfare)

Honma Masamitsu (NIHS)

Inazumi Yoshihiko (Ministry of Health, Labour and Welfare)

Ishii Koji (National Institute of Infectious Diseases)

Kanda Yasunari (Division of Pharmacology, CBSR, NIHS)

Kitajima Satoshi (Division of Cellular and Molecular Toxicology, CBSR, NIHS)
Maki Kazushige (Pharmaceuticals and Medical Devices Agency)

Masumura Kenichi (Division of Risk Assessment, CBSR, NIHS)

Ogawa Kumiko (Division of Pathology, CBSR, NIHS)

Sugiyama Keiichi (Division of Genetics and Mutagenesis, CBSR, NIHS)
Taquahashi Yuhji (Animal Management Section of the Division of Toxicology, CBSR, NIHS)
Tsukano Masaaki (Ministry of Health, Labour and Welfare)

Yokota Masahiko (Pharmaceuticals and Medical Devices Agency)

Ashikaga Takao (Division of Risk Assessment, CBSR, NIHS): Secretary
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JaCVAM FFMi&igid, IRBIEMER BRI B B 512 X 0 7ERK S 4172 [SkinEthic™ HCE
TTT ERHMIR SR VA b & IIARHBRIEOR 224, 2B X OYTEB 725 1 Atk
(ZOW TR L7,

1. ABRIEDERS L OB AR Z M
4 F : SkinEthic™ Human Corneal Epithelium (HCE) Time-to-Toxicity (TTT){%
PRS2 xR« Draize ARAINMERRER 2

BEER 2 v

R BRIEIL, S e MAREER ERZE T /L (Reconstructed human Cornea-like Epithelium:
RhCE) T& % SkinEthic™ HCE FV>, MfumEIEZ fEHE & L CHRARENE 2 3Fili9- 5 sBRiE T
b5, #RFEHIIBA%EHHE (Organisation for Economic Co-operation and Development: OECD) 7
BRiEATA R Z A > (Test Guideline: TG) 492B [ZULHL X 41TV 5 3,

IR E T IXEROL Y E IR R DR L ORSER I TS 5 Z LI L VAL
DA v, EESES L5 008k L OFIRIZET 2 ARG 2 2 7 2 (United
Nations Globally Harmonized System of Classification and Labelling of Chemicals: UN GHS) (Z &
% UN GHS X757 1, X552 ~O5388 L ORZITEESE LW OHENTE 5H57EE L
THEINTEY ., BEmIlIRETH D,

2. HIYE T 2WE TR OFMEA T 2 3 ERkIE & LT o HEais i Al L OYT
B ORI O FlEEME
RIS T AU -

ALY RhCE (2% 3 Db ORI EEE: 2 FRAT S IV TR 2 3 9~ 2 38R
ETHY X8 E O E W) ST, 3Rs DRI EEIL TV %, F7-, SkinEthic™
HCETTTIEICHWS v NOATIIES TH Y | HIFE TR TE, Frikioiip oidi s
VBT MBERFELEHR DO TR, LIER>T, AFLIEF v FOSMEEENTF
BHRPHIZH Y . OEM T HRBMER OBINEGB T A R 7 A - ORGEE R E TR
TETHEY ., AR MIE 2 O & 3 E 477 Dhiak THIUTFEMTRETH 5, Hif
BAstEiTmo B, BRI ¢ < BANCRB VLTS UN GHS K47 1, X453 2 ~O%EEs
LRSS LW AEDOHEICHND Z ENTE D, LLEXY | RBRIEOHEM%
FAFHEITE Y,

1T E ORI A -

AGRBRIEIL, BN EME, Fask BN, Fas SO @O ERBETH 5, TRIMEICE
LTI, @ AP BT 7UE, UNGHS X457 1, K45 2 ~DO53 5B LUK Lk
LA OHEEAREL T5HEEZ DN, 727211, UNGHS X% 2A & 2B KB4 25 Z L ik
T&ERV, E72, EIRD UN GHS X5 2 & KA3IZi%Y L & HIlrd DA FatESRs 28.9%
L, 30%LL T &V D OECD B ED T HMEITITVMETH S Z & D, FEKD UNGHS X
53 2 DVRIFEBEICFHE S o & TH D,



BEM (AR H - 2023429 20 H)

1) JaCVAM RRAIEMERRBRE BHm s B2 - IR A SkinEthic™ HCE TTTiARFHM
W (202343 H20H)

2) OECD (2023) OECD Guidelines for the Testing of Chemicals No. 405. Acute Eye Irritation/
Corrosion, Organisation for Economic Cooperation and Development, Paris.
Available at: https://www.oecd-ilibrary.org/docserver/9789264185333-en.pdf?expires=1695282151
&id=id&accname=guest&checksum=3130BC4DE84C35C7D73325F595BDA84B

3) OECD (2022) OECD Guidelines for the testing of Chemicals No. 492B. Reconstructed human
Cornea-like Epithelium (RhCE) test method for Eye Hazard Identification, Organisation for
Economic Cooperation and Development, Paris.
Available at: https://www.oecd-ilibrary.org/environment/test-no-492b-reconstructed-human-

cornea-like-epithelium-rhce-test-method-for-eye-hazard-identification_0d603916-en
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CAS:
GHS:
HCE:
HPLC:
IATA :
JaCVAM:
MTT:
OECD:
PBS:
PRP:
RhCE:
TG:
TTT:
UN:
UPLC:
VRM:

Chemical Abstracts Services

Globally Harmonized System of Classification and Labelling of Chemicals
Human Corneal Epithelium

High Performance Liquid Chromatography

Integrated Approaches to Testing and Assessment

Japanese Center foe the Validation of Alternative Methods

3- (4,5-Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium Bromide
Organization for Economic Co-operation and Development
Phosphate-Buffered Saline

Peer Review Panel

Reconstructed human Cornea-like Epithelium

Test Guideline

Time-to-Toxicity

United Nations

Ultra Performance Liquid Chromatography

Validated Reference Method
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SkinEthic™ Human Corneal Epithelium (HCE) Time-to-Toxicity (TTT)i%{%, L’Oréal #1:(Z
KXo TR I, BHZE e bABE LK E T /L (Reconstructed human Cornea-like
Epithelium: RhCE) CT#& % SkinEthic™ HCE T, #&iRE L OEEROILFEMEICEBIT 5
EEE ST D5 L OFRRIZE T 2 5T 2 2 7 A (United Nations Globally
Harmonized System of Classification and Labelling of Chemicals: UN GHS) {Z & 5 UN GHS [X
4y 1, UN GHS X453 2 ~O50%B L ORKFITHEYE LARAWGEAEOHENTE 5271k E LTH
JE S NIRRT R AR L T d D,

SkinEthic™ HCE TTT 1%, NV 7 — 3 VD%, BRI S A2 THET 5729
(255 =& P ZE B2 (Peer Review Panel : PRP)IZ X DRRAED 72 STz, £ D&, #RFF W)
BA 5 #%4% (Organization for Economic Co-operation and Development: OECD)(Z L % BEFHZ &
# COMam 27T, UNGHS [X4) 1. UN GHS X453 2 ~D 5%k LUK MTHEE L
Y OHIE D ATRE 72 sl TE &Il S 4, OECD &BRIEHT A N7 A > (Test Guideline :
TG)492B & LT 2022 4F 6 AIZHIR =7z,

RNY F— 3 UL, ARBRIEICH WV B4 5 RhCE T 5 SkinEthic™ HCE % ik
L TWAREDOBISITH D L'Oréal (LN AR — L0 T, £D=H, N
U7 —3a CIEITEESOMIMEIZ OV T, PRP TEHEICHM SN2, T ORIE, PRP
FINY T =g UiREEOFTRHICAMEITZ VR, AN T =2 a VORERITZITAND &
fifam LTV D, WO Oit#b +oThh, 7—F bl TH5HZ L& PRP 2
R LTS Z &b, NYTF—a URERICKRE BB RV EAZBERLEZD,

AFRBRIE O BB I E WO & S 7z, FEMEICE L Tid, ISR E (Time-
To-Toxicity Test Method On Liquids : TTL) {22\ T, 3 gk TO 22— N & 7= 20 WE
CEDNY T = a URORRN D, R NFEFHMET 85-95% TH Y | His SN
1Z 90% T > 7=, [EEHERY)E (Time-To-Toxicity Test Method On Solids: TTS) (22T,

3 Mgt COa— FMESNTz 20 WHIZ K 2N 7= a UIFEORE R D, Tist L
PEIZ 100% TH Y | fisxHEBMES 100% Th o722 &6, SkinEthic™ HCE TTT 1£D
BIMEIEWE B b, o, ARBRIEDIEMEIZ SV TIE, UN GHS X4 14
B, Ko 2WHE, BIORKDITHEY LRWWEBZNEN 79.2%, 69.2%F LT 74.9%
OEIGTEL HE S, ARBIEDOTRIMEIL OECD FMZE SRS LI B 51
ZiiTz LTz, LLEX D | SkinEthic™ HCE TTT (&1L, HEFBEEME, sk N Bk,
fiax M HIETmWRBRIE TH D, 7272 L, UNGHS X457 2 OBEIRWE % X53125%4 L
IRVIE LHIE T D AAIRMERD 28.9% & Ei <L 30% LA T &V ) EIEITITVWVETH D Z &
o MR EERE A RO L O R TR LT,

VL EX Y| SkinEthic™ HCE TTT (X, OECD TG492B |Z#EHL L T3 L7234, UN
GHS X7 1. UNGHS X753 2 ~D 5388 L OIS LRV EOHELZ L 5
REIETH D, 72720, BEEWED UN GHS X457 2 O FITEEICFE SN S X&E T
b L AREERBELZBRITE A D,



1. ##

OECD (X TG & LT, BEICHEEDHRAIEMBR A IE Z IR L T 5 Yy UN GHS X
57 1 D435 F LUV UN GHS K323y L2 WIGE 2 HERBRE S LT UMt AEOIR
# ks L ONE MR 1L (Bovine Corneal Opacity and Permeability test method: BCOP %,
TG437). =V b U g ARER 2 JH 72 BRI 38R (Isolated Chicken Eye Test: ICE %,
TG438) . in vitro %15 #=F% 1% (Short Time Exposure: STE %, TG491) . in vitro ~ 7 1 &
L& = 7Rk (TG496) 736 W . UNGHS X4y 1 k4 2lRik L LT A LkAa
>R HEBRTE (TG460) . UN GHS XA ICR% LW a2 HE+ 25BRiE & L TR
b b AL |2 E 7 L1k (Reconstructed human Cornea-like Epithelium: RhCE 75, TG492)?
B X O Vitrigel-Eye Irritancy Test (Vitrigel-EIT, TG494) 3% 5, 7272 L. W oRBRE
ZBWTH, UNGHS X755 2 DALFIE OB 2425 2 L1ZTE T, invivo F LA Xk
BRORIRVE T 72\,

Z D, UNGHS X455 1, UNGHS X452 ~DO 5388 L ORACHEY L WA OHIEN
AlEE & 70 HBRIE & LT LOréal 1T X > THA¥E 4172 SkinEthic™ Human Corneal
Epithelium (HCE) Time-to-Toxicity (TTT) {£i%. RhCE T& % SkinEthic™ HCE FV THR{K
B X OERIZ T 20 F B O IRAIT M O 417 5 Bk TH 5 >, SkinEthic™
HCETTT (%, L'Oréal fE28 AR ¥ — & 72 L’Oréal R&I & Adriaens Consulting BVBA
DFETEMEI NN T —3 a ARO%, BHFRIZS M 2 Tl 5 72 0108 =5
filiZz B <= (Peer Review Panel: PRP) (2 X D HRFEN 72 STz, £ D%, OBCD L 5 HFE S
i COMEm 2 #2C, UN GHS X4 1. UN GHS X435 2 ~O53 58 KL ORI Y L
B OEMN ATEEZR BB & HIBT S 4, OECD TG492B & LT 2022 4F 6 HIZHR 7z 9

ARWEEFIL, N T —va U Y, TR E D, EOMmBEER R L
b CICARRBEOBME AP L, JaCVAM IRFIEMERBE R ZE OB R £ &
Db DTh D,

Hll[l

2. ABUEDONLE ST

SkinEthic™ HCE TTT k1%, b8 (H—WE %xoﬁwmmwﬂﬁ@%UNmm
IZEB T UN GHS X431, UN GHS X452 ~D5HE L OEASITEEY LARWEES OHE
Anszencxr2: Bk Th s,

3. FHE
AGERVEIX, SkinEthic™ HCE % FW Cillfa 7k 2 FR A% & U CHRAITEME 2 3Fl 3 5 5t
ﬁ?ﬁf‘i@ %o AR 72 & O/ EE 1IFE 2~ OMEREFI > TRAET DR & 5
. MIRRFEMENX in vivo TH %hé!t%%gd)ﬁﬁﬂiﬂ{fﬁﬁ%ﬂ%mﬁ‘é 9 X CHEREH L
%tﬁ“ F 7o, ALY E OIRRENE X E IR G ORREEIC X o THRIE S 4L, MasED
&Ek%@&@)imioivﬂfﬁé’aﬁrﬁﬁ%mff;k*ﬁf%a‘éo
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4. RBRFIE

SkinEthic™ HCE TTT V£ D FIEZ LLFIZaAd %, SkinEthic ™ HCE (% EPISKIN #f (7
T A)BLOEDPETIEIMSRAS =X — L2V =T LV EATZ S,
4-1. RhCE #Hfk O RERY St

RhCE #if& DBEREFISAT1Z, LT D EB D TH D,

Pt set RO S - Bt I B8V T 1.0<0D <2.5
(ERAREOEETH Y | WEHEOHMEREITIR L2550 H D)
N TRERE - 50 uL R S UEREE T B U 7 A (Sodium Lauryl Sulphate : SDS) 0 30 43
PR IZ 3T 1.0 <ICso(mg/mL)< 3.2
(ICso : MARAEAFHE % S0%IK T & 2 DIZHE/RIRE)
JHE D L b 4fE0 BEMIEAH Y . AL L TR
FEUE Bttt L O RO RN/ E 7T — ¥ &2 b L ICRE LR # NS 5

Z 1 51X SkinEthic ™ HCE #li&#E o Hf kL U CERA &N 5, —J7. SkinEthic ™
HCE O & 13 mnl, EfFERE HHEME AR T HILERD D,

4-2. HERYE O

37°C LTFICBWTEAN Yy hTHRA D bDITEEE LT, ZRLSMNIERE L L TR
#4179, RhCE fEMkIX, —Wb, FEMERTHRSAF (37£2°C, 5£1% CO,, >95% W) TH:EE
L. &l q@ﬁtfocvﬂﬁ%ﬁﬁwﬂ“ﬁv%ﬂtkf 30 MLl EEER T 5,

AR D354 (SkinEthic ™ HCE Time-to-Toxicity for Liquids chemicals: TTL) . #FAllixt
GWEZ DD, BILUEEKT 20% (W) IZHIR L7 b D% %, SkinEthic ™ HCE
|Z Phosphate-Buffered Saline (PBS) 10+2 pL %3 FH L #¢BRE 802 uL 212 %, aFAlixt
SE L O DX T 5+0.25 53, 20% (w/v) AR BRI =R T 16+1 43ffds LY
PEVERE AR S5 C 12042 73 [FIR538 9 5, % D% PBS 25mL THEVE L CHEBRIME 2B L,
10£1 Ay ERIR CHEHUCIRIE T 5, RIRFICAT O Bathxt BIC I, EEfR A F /L (Chemical
Abstracts Services : CAS No. 79-20-9) N HELE X 41, A - B - RO IR REHEYE O
SAFICHET B, RIFFICAT O [t RIS IE PBS M ESE S U, 802 uL A%+ 5, 5
- RALBIHR G E ORMIZHEL 5,

[ (A 'E D354 (SkinEthic ™ HCE Time-to-Toxicity for Solids chemicals: TTS) . A%t
SMBETDOLDEH WD, WEBRWE 80+2 mg ¥ — T L7212 127K /K 80+2 pL %
Nz, FEUEREFR LML C 3022 Jy M8 KON 12045 Sy + 5, £ Dk, PBS 25 mL THE
LTI E 2 bR L, 3022 /IR CHH-ICIRIET 5, RIFRHSIT O BB & L

T, 3L 1% (w/v) K (CAS No. 50-21-5) 23 HELE S 41, 8042 ul Z 3@ FH L 72 72 127/ 7K
80+2 uL M % 5, [RIRFIZAT 9 PaEx B IZ 1 PBS 2AHELE X 41, 802 uL O A% H T 5,
Btk - BEMERTIR & $ 1538 - BRI BRI E O RIFICHEL 5,

ENENDOBEFESEME T & D 250 RhCE ffkE HW 5,



4-3. ffaEFROFE

AR 21T 3-(4,5-di-methylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT)
BB WS, BEHARRE L. 1 mg/mL MTT A1 0.3 mL H1C 180£15 4y [FIHE #ERs 2%
SMETRIGEYE, Z0% 1.5 mL A Y 7 u/] ) —)L (3R RES) CH ARV~
Pt T2, RIEEBRYE O%A1L, RhCE Fiko B4 - 50 St 45,
E AR B 3 L O EI] TR WRISERE D56 1% kISR F T 2 9ERmE o
BAZ B/ NRICHZ D728, Av~H 2 Ot ix RhCE kDO JEHE O A0 54T 5, 7R
PRE T H | eE SR RS, BHOLL LI AT 9, [FRESG RS E IR L
T O EITHERWE & FERICIT O, il Lz v~ 3 0 OE &IT ODszonm HIE F 72
I% High Performance Liquid Chromatography (HPLC) / Ultra Performance Liquid Chromatography
(UPLC) T1T 9,

WERE N MIT LW E O G., HHVIEAALYF U ERUT LSRR
(570nm=30nm) (ZWRIN & F5 0 CE DS E . MIAEFROMIEEZIT I NERDH DL, £
DO FMAZ DOV TIE TG ASLOFHA (33-40 TH) B LU Annex 3 D7 u—F v — 25
T5 7,

4-4. FRBRER ST O A TR UE

LU R O&ME Tl Lict, RBROMNLZ2KET 5,

1) Mt O OD 28 1.0<0D <25 THDH I &,

2) RIRBERE ClE, Btk B O MR AEAF =AY 5 43 ] OB EE R T 50% LA
T 16 238 KOV 120 3R OBRFERER T 50% 2B 25 Z & [EIREERYE i, B
PRt FRVE L - B AR A 2R3 30 [ OIREERFH C 40% 282 5 2 & 120 77
OB T 20% < %AEFE <70% THHZ &, WINbiRT — & O#iA
NIZhH D Z &,

3) BERE B K OREME - BtEx RO Z N EICEB8\V\ T 2 5D RhCE #fk DM LT
ROZEN 20% KM TdH5H Z &, 350 RhCE H#E 7= SA 1AM A 73R o0 4 v
AN 18%LL T THDH Z &,

7. BEOWHRE % RRHICEER L7560, ZORMZ26T S 20 iByE
DI ET D,

4-5. JE D E

TR E Tl T OBREERFH] (5 43, 16 5336 KT 120 47) THEMNLAAFR A
50% %2 oty BEBREIT UN GHS X235 Lew, 3T OMREFERH T
ARRAEATH 50% LA F OWA 1L UNGHS X437 1 L &g, 6 U084 1X UN
GHS X772 LHlrEn s, 72& xIE, 53 URR) & 16 4] (20% A BRik) Ol iEE 5
TIX R A= D 50% 22 TWTH, 120 57 0% A RiE) T 50%LL FTh 5
WEIXUNGHS X572 &7 5,

11
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E AR E Cld, EEIAAETRRED 30 43 JFRIR) OIREREFM T 40% 28 2, 7>
120 43 fE UFAR) OIREZIRF ] T 60% 2 2 7256 . #ERYE L UN GHS KA3IZ#%8 L7
VN S AL, PRI AR AEER DY 30 43 UUAR) DERERIFRH] T 40% LA T, 732 120 23/
(JFUAR) DOIRFERFE T 60%LA T OBA1L UN GHS X435 1 SHIrs 5, 2h 6 LS o
A1 UNGHS X4y 2 LM S b,

7%, R EN S v M A 7L OYA (£5%) 1% 2 [ H OB & Mitd 5,
1EH & 2 [E B ORBRTHERNS —F LARWEEE 3 B HORERZ R 5,

5. XY F—a VR
5-1. NUF—va RO ERME
ARNY F— 3 UHFEE. ARBRIEICH WV HLD RhCE TH 5 SkinEthic™ % 5 L

TWAEEDH S TH D LOréal N AR —L 20 Tz, ZTDizd, NUT

—va VEITEBSOMNMEN PRP THEEICHE M SN D, AN T —va VEITER

DOFOFE=FHE L LTiX, 2% 1T 4 73 TH S Adriaens Consulting BVBA

DHMREE L, 32— MeReT —Z i 4 Fln L TV DA, #BRE D 3RIE L Oréal +1:

MERLTWD, EHIZ, MEFEOREE LAY F— 9 O EES R

ANV TF—=va Vi EIC O AR REA S o T, ThbOFEENS PRP (X

OECD GD 34 THERES N TV OB~ 3T A o OB E O8I BT 2 M

DOWTIARPAMETH D L LTS,

ZO XS 7pIRULA PRP AEEICHEF L TH LT L, LTO 15 HEIZOWTHER L
o TOREF, PRP N F— g VIEEOTTHICRHEIZIZ VS, N F—a v
ﬁt%‘ix FAND L L TV 5,

1) NUTF— 3 U5 LB E O BB (Study objective and test method purpose)

2) BEfFOREBRE L OIC X 2 LBV & A P (Need and benefits in comparison to
existing test methods)

3) VEREREUE (OECD GD216) ' ZFefk S 7= izt o 5Bk & o il (Comparison of
the test method with the essential test method components as described in the Performance
Standards)

4) AR XL OERB PR 72 B3EME  (Biological and mechanistic relevance)

5) #BR{E7 v k2L (Test method protocol)

6) NV T —a WG OE B L 51T O IE (Appropriateness of the validation study
management and conduct)

7 NUTF =3 RO BB o T2 9 72 4R E D38 R (Adequacy of chemicals
selection for the validation study ob] ective)

8) BRI I T BT — % O’ (Quality of the reference data used for the
evaluation of relevance)

9) RERDOZZWHiE~D b L — =227 L H L (Training of naive laboratories and
transferability)



10) 7 — % O fEMEAREE (Use of quality assurance system (s) during data generation)
11) fiak N Fs & O ek i #8114 (Within- and between-laboratory reproducibility)
12) THIPE (Predictive capacity)

13) JiE P & [R5 (Applicability domain and limitations)

14) 7 —% & CEDO5ERE (Completeness of data and documentation)

15) fiho>BA# F1H (Other relevant aspects)

7B, TRIPEIZEE L TIL OECD OFMZE S TED HAVZERMAEEL b & ICHHh S
iz,

AZEETIE, NV T —va UIMEEZZITT D% 61213, BIRE Tl 5 =F1H
NEEL BRAESCHRHEKICEBET A2RETHDHEEZD, EL, N T —vay
HEFDOLHUICAMIZZL VDR, WTNORiROLES 2 THY . 7T—F b TH D
Z &% PRP BHERBLTCEBYD, N T —va URERICKERMEIIRWEARAEZESLE
2T,

5-2. bL—=17 L Hiiin

SkinEthic™ HCE TTT 5D/ Y 77— 2 AFFEIZIT Y — R 7 A @D EPISKIN fh: & AR
EORBERDIN 72\ 2 Jifiz% (EUROSAFE 41, VITROSCREEN #) Il 2 7= &5t 3 gk A&
L7z, TRTOREERNBHBED 3~4 HEDO L —=2 7 %% )72,

Bfrgiiatt & LT, 2 — MeE iz 3 WHE. Y IR E S L OBERRE 2 v,
Dip &b 2 MIOFERDFER S NI, WIREBMEO%E (TTL) 2B W T, 1 HEHTI
WE D 5 Sy RELEL O ERE RN 2 sk TERVE S 223, HIIRTENE 50% 0 AR 0]
TYXICLHbD L B ST, Lol T XTOSMMEER T 2 B BHIXIEMIC P T&
Tz, [ERERE O%4 (TTS) T, 3 iR OHEERITT X TR L TH o7,

PLEDFER NG | RRBRIEOHN B ILE O EHEr ST b, 72k, Albriks
ST 2 REBRIEEX D FATE 152 e D D 120 OE BAEEREEWE O —"% 1L Appendix 1 (%
{13 Appendix 1-1. [EA&I% Appendix 1-2) 128 %,

5-3. FiEx NI K OVt ik e PR L 29

TTL (2B L Tix. =— MM &z 20 WE Gkl 14 E A ETe) # WY F—v
3 URFZEDN FEHE S A, ARt 60 [B] (20 28 x3 [0]) OFRER M T ATz, gk N EBLEE 85,
90 BLV95% THY . 20 WEONiex FFHFHINEIL 90% Th -7z, TTSICEALTH, =1—
RS2 20 WE Bl 11 WEZ ) Z TN 7 —2 3 VRV T ik
P 100% Th 0 | Mg S D 100% Th o7z, 2D OfEREN S| SkinEthic™
HCE TTT (O FHBMEIZE W EB 2 b,
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5-4 RERIED TR 129

7% 112 SkinEthic™ HCE TTT £ D E#M: % 737, SkinEthic™ HCE TTT {E D EfEM: I3,
MMERH Lz, 728 2030 1 FEOEBRMEIZ SN T 3 BIORBRER1H LH5E T, 2
[liE Cat.l, 1 [ElX Cat2 &HIESN72HE. Cat.l BLT Cat.2 O FHRIEZNZEIL 0.66
(23) B L 100.33(1/3) & L7z,

TTLTIE, UNGHSX /3 14E . UN GHSK/m2WE I L ORI ICR% Y LRWIE D, £
ALEA, 85.4%. 79.8% % L U9.2% DEIG T, £7=, TISTIL, ZLZE4. 74.7%. 55.3%
BLOTT%DOEIETE L HE SN, TTLETTSZ & DO ITTTO IEMEEIZ DWW T
I%. UN GHSX/31#HE . UN GHSK/m2WE I LUK ICiEY LIRWIED £t
79.2%. 69.2%% L U74.9% DEIEG TIE L < HIE S 4L, ARBRED FHIMEIZOECDE Y5
SRR Lo E 272 LTz, B2 fE R iF Annex 33 L UMITR L TV 5,
Z O HHEESkinEthic™ HCE TTTO B OFEZR #51F ., peer review report, 3.12 T
(Evaluation criterion 12)!V" COMETZ t L ICOECDHEMAFESHEN AR LD TH H 03,
AEES CHEBEEICHR L-, 2. UNGHSX /2O ERWE & K3 I27% Y LR
B LHIET B AREMERN28.9% L E <. OECDREDT230%LL T & 9 £ A FEHEI TV
ECTHDHZ LD, REMFMM EMEEZRE LD RMT LT,

SkinEthic™ HCE TTT #:i%. OECD TG492B |Z ¥l L T i L7234 . UN GHS X4y
1. UN GHS X743 2 ~D53 5 L ORFIZEZY L WG OHIE % "lHe & 3 2 3Bk T
b5, T2 L, EIRYED UN GHS X757 2 OFHIFEEICHHI SN RETHLH LD
BERTELELT,



%1 SkinEthic™ HCE TTT £ IF feE*

UN GHS Cat. SkinEthic™ HCE TTL (%)

(# of Chemical) Cat. 1 Cat.2 No Cat.
Cat 1 (21) 85.4 14.6 0.0
Cat. 2 (25) 20.2 79.8 0.0
No Cat. (24) 0.0 20.8 79.2
UN GHS Cat. SkinEthic™ HCE TTS (%)

(# of Chemical) Cat. 1 Cat.2 No Cat.
Cat 1 (29) 74.7 253 0.0
Cat. 2 (19) 15.8 553 28.9
No Cat. (33) 3.0 253 71.7
UN GHS Cat. SkinEthic™ HCE TTT (%)

(# of Chemical) Cat. 1 Cat.2 No Cat.
Cat 1 (50) 79.2 20.8 0
Cat. 2 (44) 18.3 69.2 12.5
No Cat. (57) 1.8 23.4 74.9

BRI Us, M TN IE L FRITTE 2 ElE,

# of Chemical : #E %, Cat.1 : X431, Cat2 : X4y 2. No Cat. : XAFITFEY L7V

# 212 SkinEthic™ HCE TTT 1% & # Oftio> RhCE £ UN GHS K323 L2 W
\ZxF 9 5 IEffEME 2 7~ 9, EpiOcular™ Eye Irritation Test (EpiOcular), SkinEthic™ Human
Corneal Epithelium Eye Irritation Test (SkinEthic), LabCyte CORNEA-MODEL24 Eye
Irritation Test (LabCyte) D IEMERE | [EE I X OREEE X 80% ~88%. 95%~100%35 L Y
63%~73% CTd -7, SkinEthic™ HCE TTT {£® US GHS X 3IZ#%Y L2V I %t

T IEMERE R L OWRRE L. 2 N2 1.87%.94% 35 KL OV 75% T & - 7=, SkinEthic™

HCE TTT {E D IEMEAE . ., FFREIXZ DM@ RhCE £ ERIZETH - 72,
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%2 UNGHS RAFTEY LW B 2%t LT O IEMeME D el

EfEE % R % FRELE %
(# of Chemical) (# of Chemical) (# of Chemical)
EpiOcular” 80 (112) 96 (57) 63 (55)
SkinEthic" 84 (200) 95 (97) 72 (103)
LabCyte™ 88 (139) 100 (76) 73 (63)
SkinEthic™ HCE 87 (151) 94 (94) 75 (57)
—

Round to the first decimal place when necessary, EpiOcular=EpiOcular™ Eye Irritation Test,
SkinEthic=SkinEthic™ Human Corneal Epithelium Eye Irritation Test, LabCyte=LabCyte
CORNEA-MODEL24 Eye Irritation Test, #=number

*TG 492”

**Peer Review report, December 2018'"

*#*TEST GUIDELINE 492B J ¥ i

6. RREDOEMTHERIVCHEER

SkinEthic™ HCE TTT /&, UN GHS K43 1. UN GHS X455 2 ~D 3B L K ITT#%Y
L72WGAEOHEIZHNWD Z LA TE 5725, UNGHS X457 2A & 2B X595 2 LI T
X720, UN GHS X%y 2A & 2B ORXBINKE L 2 DAL, o FIEST 7 e —FT
KT D HERH 5 12,

ARRBRIEZ, 71 N2V TED DIV IR BT IR T —IRE U 72 AR O 34T 23 7T
HEChOHE—WHE, IBEW. IR, K, FEEBLIOY v 7 ZIZEMT 52 LA TE
%o WRARITRME & IR, BRITAIAN: & REEOWT b ATRETH 523, KIRHE
DARWE K (< 0.014 mg/mL) IZDOWTHEANY 7 —32 3 UBFEIZEB W TR RIPEMED - 72
TEMOLEBRLETHLW : KO1DOIWMEDHIH 5 ORKL 2 1IN,
IKEEMEDARWRIR T, 20% (w/v) ABUKEEIE T 16 3 £ 7213 120 rHEE ST 2BRICL
ELZIRGIEOREZ R CTERWAREERDH Y . PHE~ORENRE X DD, L
L2236, NYF—3 g R TR~ OEMRMEDS 0.1 g/L Kl ORI 16 WEIZHB T
THIPEIC KR E 2MBIT A LN o Tz, TAELZT vy I ONTENRNY F—2 3 Ui
ZE TR N TER S T ARRBRIEIZITEH T 22\, 20 OMESZE DIREMIZONT
I, HARRICITEIS FTRE T H D b DD, E DEIEIZ DWW TR N7 FH) LG o
T D) HEORANZ B WD CTARBR MG TE 2N & 2 RTINS 554,
ORANIARBIEICHEH TE AoV, IBREWSORB RS2 LEWE (B« RRERLF
W) . & D WITEISFFAICH S I E EN TV R WE ORBRZRETT 2581, €
ORBFERPBFZNCEROD HFERZ T2 DT HE I DERICEE T REThH D,

=k LR CFIFAO WL AT ML EROWES MTT % BEHEEICT 5
WV IR AR OREICTHT RN & 0 FIED T2 DITE A S W =3t FRYE O
EHNNE L 72D, BB LD REIL, BRWEIC L > TA L2 FHoER LW
KRN~ P AFEOERACITH T 25 FIEIC L > THEAR 5 (TG492B O 33-40 THER) O,



7.

SkinEthic™ HCE TTT I, i tntk, Kk N iBLrEds J OWEER M BME O O iR
ETHD, THHEIZE L TIL, OECD HMZE SN E D M AT - L Tz,

NYF— g3 VREEOTEICAHITIZ VS, WTholiRoieskdb +oTho ., 7
— X2 LY THDH I &% PRP BHERLTEY ., N TF— a3 URERICKE R REIE A
WEAREFEEHRITEZZ D,

X - T, SkinEthic™ HCE TTT i, OECD TG492B |Z Y&l L T 906 L 72334 . UN GHS
X4 1. UN GHS X4} 2 ~DO5HE LK SITEEY L WIGE OFE Z " he & 2 lBriE
Th o, 12720, BERYED UNGHS X457 2 OGFITEEICTHI SN RETH D L AE
EHREZESITE 2 D,
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Appendix 1
SkinEthic™ HCE TTL (Table 2A) 3 X' SkinEthic™ HCE TTS (Table 2B)D
EREwERMED X b

Appendix 1-1  SkinEthic™ HCE TTL J X |

AR EFS | AFSRS VRM
WE4A CASRN FREEIN—T! Wit 55 165Y 120 53 2 e
W R (k)
InVivo 373V —1
N.N--Diethylethanolamine | 100-37-8 |Alcohol. Aliphatic Amine. tertiary L 2.9+1.7 1.0£1.3 0.6+0.5 Cat 1
Acetic acid (10%) 64-19-7 Carboxylic acid L 4.2+0.4 25.9+12.7 2.840.3 Cat 1
InVivo 1 73Y —2
2-Butanone 78-93-3 Ketone L 21.1+5.4 90.8+13.7 | 87.6+12.3 Cat 2
Acetone 67-64-1 Ketone L 6.44+2.6 97.1+£3.9 99.1+3.5 Cat 2
quadecylﬁlmeth}:}amm 112-02-7 Ammonium salt. Alkylammonium L 58.0410.7 62.149.2 24408 Cat 2
oniu m chloride (2%) salt
InVivo A7 3V —
1.3-Diisopropylbenzene 99-62-7 Cyclic. Phenyl. Aromatic L 100.5+8.5 94.5+6.3 96.5£9.3 No Cat
Dodecane 112-40-3 Methyl. Methylene L 98.3+6.9 103.1+£5.6 | 98.9+5.1 No Cat
Appendix 1-2  SkinEthic™ HCE TTS® U X |
AfR1 | AR VRM
W4 CASRN HHERES NV~ ot 30 & 120 % B
W (R
In Vivo h73Y)—1
1-Naphthalene acetic acid Benzyl. Carboxylic aromatic.
Na salt 61-31-4 Naphthalene S 1.6+0.7 1.6+0.4 Cat 1
1-2-Benzisothiazol 3D 9634335 | Benzothiazole/ Benzoisothiazole S 40+1.0 | 40404 Cat 1
In Vivo h7=1)—2
4-Carboxybenzaldehyde 619-66-9 Aldehyde. /Zrcyili Carboxylic S 80.14123 | 5.0+1.4 Cat2
2-Hydroxy-1.4- 83-72-7 Enol. Naphthoquinone S 821489 | 4.5:15 Cat2
naphthoquinone
Ammonium nitrate 6484-52-2 Amine. Nitrate. Ammonium S 61.0+4.8 1.8+£0.4 Cat 2
In Vivo JEHhTITI—
Magnesium carbonate 56378-72-4 Magnesium. Carbonate S 98.3+7.1 93.4+11.7 No Cat
Anthracene 120-12-7 Anthracene. Carboxylic S 97.746.6 | 98.1x4.7 No Cat

aromatic

f%5: CASRN = Chemical Abstracts Service Registry Number

VRM = Validated Reference Method, SkinEthic™ HCE TTT

! HHEHEEE 7 /L — 7" OECD QSAR Toolbox ZATIZHEVV /03 &7z (version 3.2; https://www.oecd.org/
chemicalsafety/risk-assessment/oecd-qsar-toolbox.htm),

2SkinEthic™ HCE TTT NV 7 —3 a U#F7E & LI bz,

3 YRIRDE, the SkinEthic™ HCE TTL (3 3 BREE I Z HIV 5, A 5 53, 20% /KEHE 16 434 LUV 120

NTH L. FEOYEA, the SkinEthic™ HCE TTS (3 2 BREEIE A W5,

éo

JRAR 30 0B LT 120 5 TH
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OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Reconstructed Human Cornea-like Epithelium (RHCE) Test Method for Eve Hazard
Identification

INTRODUCTION

1. Serious eye damage refers to the production of tissue damage in the eye, or serious physical
decay of vision, which is not fully reversible, occurring after exposure of the eye to a test chemical, as
defined by the United Nations Globally Harmonized System of Classification and Labelling of Chemicals
(UN GHS) (1). Also according to UN GHS, eye irritation refers to the production of changes in the eye,
which are fully reversible, occurring after exposure of the eye to a test chemical. Test chemicals inducing
serious eye damage are classified as UN GHS Category 1, while those inducing eye irritation are classified
as UN GHS Category 2. Test chemicals not classified for eye irritation or serious eye damage are defined
as those that do not meet the requirements for classification as UN GHS Category 1 or 2 (2A or 2B) i.e.,
they are referred to as UN GHS No Category (No Cat).

2. The assessment of serious eye damage/eye irritation has initially involved the use of laboratory
animals (OECD Test Guideline (TG) 405; adopted in 1981 and revised in 1987, 2002, 2012 and 2017) (2).
In vitro or ex vivo test methods have been adopted as OECD Test Guidelines (TGs) 437 (4), 438 (5), 460
(6), 491 (7), 492 (8), 494 (9) and 496 (10) to identify either chemicals for serious eye damage potential
and/or to identify chemicals not requiring classification for eye hazard potential. The choice of the most
appropriate test method to be used should be considered in the context of the OECD Guidance Document
on an Integrated Approaches on Testing and Assessment (IATA) for Serious Eye Damage and Eye
irritation (3).

3. This TG describes an in vitro procedure allowing the identification on its own of chemicals
(substances and mixtures) not requiring classification (No Cat), requiring classification for eye irritation
(Cat 2) and requiring classification for serious eye damage (Cat 1) according to the UN GHS ocular hazard
categories (1).

4. This TG describes a validated test method, namely the SkinEthic™ Human Corneal Epithelium
(HCE) Time-to-Toxicity (TTT) test using a commercially available reconstructed Human Cornea-like
Epithelium (HCE). The RhCE is designed to closely mimic the histological, morphological, biochemical and
physiological properties of the human corneal epithelium. A validation study for assessing the three UN
GHS ocular hazard categories has been conducted (11)(12)(13) on this method, referred to in the following
text as the Validated Reference Method (VRM). From the validation study and its independent peer review
(14) it was concluded that the SkinEthic™ HCE TTT is able to correctly identify chemicals (both substances
and mixtures) by discriminating the three UN GHS categories for serious eye damage/eye irritation, i.e.
UN GHS Cat. 1, Cat. 2 and No Cat chemicals (1), and the test method was recommended as a full
replacement to the in vivo Draize acute eye irritation test for classification of chemicals. It is recognized

© OECD, (2022)
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that the use of this test guideline is subject to national and international regulatory considerations and
conditions. The Guidance Document No. 263 on IATA should be consulted for further testing with other
adequate in vitro tests in a weight-of-evidence approach, if deemed necessary (3). Annexes II-V provide a
synopsis of the important elements of the test method, as well as flowcharts providing guidance for specific
situations.

5. The purpose of this TG is to describe the procedure used to evaluate the eye hazard potential of
a test chemical based on its ability to induce cytotoxicity in a RhCE tissue construct, as measured by
reduction of a vital dye (MTT [3-(4,5- Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Thiazolyl blue
tetrazolium bromide; CAS RN 298-93-1]) hereafter designated as the tetrazolium dye (TD) (15) (see
paragraph 23). The viability of the RhCE tissue following exposure to a test chemical is determined in
comparison to tissues treated with the negative control substance (%viability) for the two or three exposure
times, and is then used to predict the eye hazard potential of the test chemical.

6. Definitions are provided in Annex I.

INITIAL CONSIDERATIONS AND LIMITATIONS

7. The SkinEthic™ HCE tissue construct is a three-dimensional model produced using cells from the
species of interest which mimics the in vivo corneal epithelium(17). The test method directly measures
cytotoxicity resulting from penetration of the chemical through the corneal epithelium and production of cell
and tissue damage following chemical exposure, which is used to predict the eye hazard identification of
a test chemical. Cell damage can occur by several modes of action (see paragraph 16), but cytotoxicity
plays an important, if not the primary, mechanistic role in determining the overall serious eye damage/eye
irritation response of a chemical, manifested in vivo mainly by corneal opacity, iritis, conjunctival redness
and/or conjunctival chemosis, regardless of the physicochemical processes underlying tissue damage.

8. A total of 151 chemicals covering a variety of chemical types, chemical classes, chemical
structures, as well as molecular weights, LogP and other physical-chemical properties have been tested
in the validation study underlying this TG. The validation database covered 134 different organic functional
groups (11)(12)(13) and all key in vivo drivers of classification (26)(27). The majority of these chemicals
represented mono-constituent substances (a total of 151 substances, of which 16 were tested in dilution),
but several multi-constituent substances (including surfactants or polymers) were also included in the
study. In terms of physical state and according to UN GHS Categories (1), the 151 tested chemicals were
distributed as follows: 70 liquids, comprising 21 Cat. 1, 25 Cat. 2 (incl. 16 Cat. 2A and 9 Cat. 2B) and 24
No Cat, and 81 solids, comprising 29 Cat. 1, 19 Cat.2, and 33 No Cat. (11)(12)(13).

9. The SkinEthic™ HCE TTT is not intended to discriminate between UN GHS Category 2A (eye
irritation, effects fully reversible within 21 days) and UN GHS Category 2B (mild eye irritation, effects fully
reversible within 7 days). This differentiation needs to be addressed by other methods or approaches, if
discrimination is deemed necessary (3).

10. This TG is applicable to substances and mixtures, to solids, liquids, semi-solids and waxes. The
liquids may be aqueous or non-aqueous, solids may be soluble or insoluble in water. Caution should be
used when testing solid chemicals with poor water solubility (< 0.014 mg/mL) as they were frequently
underpredicted by SkinEthic™ HCE TTS in the validation study (e.g., 5 out of 9 Cat.1 chemicals were
underpredicted to be Cat.2). Gases and aerosols have not been assessed in a validation study. While it is
conceivable that these can be tested using RhCE technology, the current TG does not allow testing of
gases and aerosols. Limited information is currently available on the applicability of the test method to
multi-constituent substances/mixtures (11). The test method is nevertheless technically applicable to the
testing of multi-constituent substances and mixtures. In cases where evidence demonstrates the non-

© OECD, (2022)
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applicability of the TG to specific formulations, the TG should not be used for those formulations. When
considering testing of difficult-to-test chemicals (e.g. unstable substances), or test chemicals or mixtures
not clearly within the applicability domain described in this Guideline, upfront consideration should be given
to whether the results of such testing will yield results that are meaningful scientifically.

11. Test chemicals absorbing light in the same range as formazan dye (FD, naturally or after
treatment) and test chemicals able to directly reduce the vital dye MTT (to FD) may interfere with the tissue
viability measurements and need the use of adapted controls for corrections. The type of adapted controls
that may be required will vary depending on the type of interference produced by the test chemical and the
procedure used to quantify each FD (see paragraphs 33-38).

12. The validation study carried out in three laboratories demonstrated that SkinEthic™ HCE TTT is
transferable to laboratories considered to be naive in the conduct of the assays and also is reproducible
within- and between laboratories (13)(14). The within-laboratory reproducibility (WLR) for SkinEthic™ was
85-95% for TTL (20 chemicals) and 100% for TTS (20 chemicals). The between-laboratory reproducibility
(BLR) was 90% for TTL and 100% for TTS.

13. The SkinEthic™ HCE TTT test can be used to identify chemicals that do not require classification
for eye irritation or serious eye damage according to the UN GHS classification system (1). Considering
the data obtained (13)(14) (Table 1), the SkinEthic™ HCE TTT test has a balanced accuracy of 74.4%
(based on 151 chemicals) with correct predictions of 79% for Cat 1 (based on 50 chemicals), 69% for Cat
2 (based on 44 chemicals) and 75% for No Cat (based on 57 chemicals), when compared to reference in
vivo rabbit eye test data (OECD TG 405) (2)(16) and classified according to the UN GHS classification
system (1). The performance for SkinEthic™HCE TTL and TTS is different (Annex V).

Table 1. The weighted' performance of the SkinEthic™ HCE TTT using the 3x3 matrix showing
correct, under- and over- predictions per UN GHS category

UN GHS categories SkinEthic HCE TTT - Predicted categories
(nIN%)
Cat1(n) Cat2 (n) No Cat (n)
Cat 1 (N=50) 79.2% (39.60) 20.8% (10.40) 0% (0.00)
Cat 2 (N=44) 18.3% (8.06) 69.2% (30.46) 12.5% (5.48)
No Cat (N=57) 1.8% (1.00) 23.3% (13.33) 74.9% (42.67)
14. The term "test chemical" is used in this TG to refer to what is being tested and is not related to the

applicability of the RhCE test method to the testing of substances and/or mixtures.

PRINCIPLE OF THE TEST

15. The test chemical is applied topically to a minimum of two three-dimensional RhCE tissue
constructs and tissue viability is measured following exposure and a post-soak incubation period. The
SkinEthic™ HCE tissues are reconstructed from human immortalized corneal epithelial cells, which have
been cultured for several days to form a stratified, highly differentiated squamous epithelium
morphologically similar to that found in the human cornea. The SkinEthic™ HCE tissue construct consists

"In the weighted calculation, each chemical has an equal weight of 1 in the performance regardless of the number
of test runs (i.e., in 3 overall test runs, if chemical A is tested Cat.1 two times and Cat.2 one time, a fractional weight
of 0.66 (2/3) and 0.33 (1/3) is assigned to the number of predictions (n) for Cat.1 and Cat.2, respectively (11).
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of at least 4 viable layers of cells including columnar basal cells, transitional wing cells and superficial
squamous cells similar to that of the normal human corneal epithelium (17)(18).

16. Chemical-induced serious eye damage/eye irritation, manifested in vivo mainly by corneal opacity,
iritis, conjunctival redness and/or conjunctival chemosis, is the result of a cascade of events beginning with
penetration of the chemical through the cornea and/or conjunctiva and production of damage to the cells.
Cell damage can occur by several modes of action, including: cell membrane lysis (e.g., by surfactants,
organic solvents); coagulation of macromolecules (particularly proteins) (e.g., by surfactants, organic
solvents, alkalis and acids); saponification of lipids (e.g., by alkalis); and alkylation or other covalent
interactions with macromolecules (e.g., by bleaches, peroxides and alkylators) (19)(20)(21). However, it
has been shown that cytotoxicity plays an important, if not the primary, mechanistic role in determining the
overall serious eye damage/eye irritation response of a chemical regardless of the physicochemical
processes underlying tissue damage (22). Moreover, the serious eye damage/eye irritation potential of a
chemical is principally determined by the extent of initial injury (20), which correlates with the extent of cell
death (22) and with the extent of the subsequent responses and eventual outcomes (23)(24). Thus, slight
irritants generally only affect the superficial conjunctival and corneal epithelium, the mild and moderate
irritants damage principally the epithelium and superficial stroma and the severe irritants damage the
epithelium, deep stroma and at times the endothelium (22)(25). The measurement of viability of the RhCE
tissue construct after topical exposure to a test chemical to identify chemicals not requiring classification
for serious eye damage/eye irritancy (UN GHS No Category) is based on the assumption that all chemicals
inducing serious eye damage or eye irritation will induce cytotoxicity in the corneal epithelium and/or
conjunctiva.

17. RhCE tissue viability is classically measured by enzymatic conversion of MTT for the SkinEthic™
HCE TTT by the viable cells of the tissue into a formazan dye (FD), which is quantitatively measured after
extraction from tissues (15).

18. The SkinEthic™ HCE TTT Test is based on two protocols, one for liquids (SkinEthic™ HCE TTL)
and one for solids (SkinEthic™ HCE TTS). The SkinEthic™ HCE TTT uses three exposure times for TTL
and two exposure times for TTS (see paragraphs 29-30). The SkinEthic™ HCE TTL and TTS protocols
make use of different prediction models. For SkinEthic™ HCE TTL, a chemical that results in a mean
viability below or equal to 50% within all time treatments will be classified as a Cat 1, and one that results
in a mean viability strictly above 50% as a No Cat. Any other combination of mean viability values will lead
to a Cat 2 classification (see paragraph 43). For SkinEthic™ HCE TTS, a chemical that results in a mean
viability below or equal to 40% after 30 minutes. exposure and below or equal to 60% after 120 minutes.
exposure will be classified as a Cat 1. A mean viability strictly above these cut-offs within the two time
treatments will classify the chemical as a No Cat. Any other combination of mean viability values will
classify the chemical as a Cat 2 (see paragraph 43).

DEMONSTRATION OF PROFICIENCY

19. Prior to routine use of the test method for regulatory purposes, laboratories should demonstrate
technical proficiency by correctly predicting the fourteen proficiency chemicals listed in Table 2. These
chemicals were selected from the chemicals used in the validation studies of the SkinEthic™ HCE TTT
(13)(14). The selection includes, to the extent possible, chemicals that: (i) cover different physical states;
(ii) cover the range of in vivo serious eye damage/eye irritation responses based on high quality results
obtained in the reference in vivo rabbit eye test (OECD TG 405) (2)(16) and the UN GHS classification
system (i.e., Categories 1, 2, or No Category) (1); (iii) cover the key in vivo drivers of classification (26)(27);
(iv) are representative of the chemical classes used in the validation study (13); (v) cover a good and wide
representation of organic functional groups (11)(12)(13); (vi) have chemical structures that are well-defined
(11)(12)(13); (vii) produced reproducible results in the RhCE test method during the validation study; (viii)
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were correctly predicted by the RhCE test method during the validation study; (ix) cover the range of in
vitro responses based on high quality of the test method data; (x) are commercially available; and (xi) are
not associated with prohibitive acquisition and/or disposal costs. In situations where a listed chemical is
unavailable or cannot be used for other justified reasons, another chemical fulfilling the criteria described
above, e.g. from the chemicals used , the validation of the SkinEthic™ HCE TTT, could be used. Such

Table 2: List of proficiency chemicals for SkinEthic™ HCE TTL (Table 2A) and for SkinEthic™ HCE

TTS (Table 2B)

Table 2A. List of Proficiency Chemicals for SkinEthic™ HCE TTL

ChemicalName CASRN 0rganicFunctionaIGroup1 Physicalstate = Viability 1 = Viability2 = Viability VRM
5 min. 16 min. 3
23 23 Y
(%) (%) Prediction
120 min.
% )2,3
In VivoCategory1
N.N--Diethylethanolamine 100-37- | Alcohol. Aliphatic Amine. tertiary L 29417 1.0+1.3 0.6+0.5 Cat1
8
Acetic acid (10%) 64-19-7 Carboxylic acid L 42404 | 2594127 @ 28403 Cat1
In VivoCategory2
2-Butanone 78-93-3 Ketone L 211454 | 90.8+13.7 | 87.6+12.3 Cat2
Acetone 67-64-1 Ketone L 6.4+2.6 97.1£3.9 99.1£3.5 Cat2
Hexadecyltrimethylammonium 112-02- Ammonium salt. L 58.0+10.7 = 62.149.2 24+0.8 Cat2
chloride (2%) 7 Alkylammonium salt
In VivoNoCategory
1.3-Diisopropylbenzene 99-62-7 Cyclic. Phenyl. Aromatic L 100.5¢8.5 | 94.5+6.3 96.5+9.3 No Cat
Dodecane 112-40- Methyl. Methylene L 98.3+6.9 = 103.1£5.6 @ 98.945.1 No Cat
3
Table 2B. List of Proficiency Chemicals for SkinEthic™ HCE TTS
ChemicalName CASRN 0rganicFunctionaIGroup1 Physicalstate = Viability 1 = Viability 2 VRM
30 min. 120 min.
2,3 23
(%) (%) Prediction
In VivoCategory1
1-Naphthalene acetic acid Na = 61-31-4 Benzyl. Carboxylic aromatic. S 1.60.7 1.6£0.4 Cat1
salt Naphthalene
1.2-Benzisothiazol-3(2H)-one 2634- | Benzothiazole/ Benzoisothiazole S 4.0%1.0 40404 Cat1
335
In VivoCategory2
4-Carboxybenzaldehyde 619-66- = Aldehyde. Aryl. Carboxylic acid S 80.1+123 = 5.0+14 Cat2
9
2-Hydroxy-1.4-naphthoquinone 83-72-7 Enol. Naphthoquinone S 82.1+8.9 4.5+1.5 Cat2
Ammonium nitrate 6484- Amine. Nitrate. Ammonium S 61.0+4.8 1.840.4 - Cat2
52-2
In VivoNoCategory
Magnesium carbonate 56378- Magnesium. Carbonate S 98.3+7.1 | 934117 No Cat
72-4
Anthracene 120-12- Anthracene. Carboxylic S 97.76.6 98.1+4.7 No Cat
7 aromatic

1. 3-Diisopropylbenzene
2. 2-Benzisothiazol-3(2H)-one

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; VRM = Validated Reference Method, SkinEthic™ HCE TTT.
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1Organic functional group assigned according to an OECD QSAR Toolbox analysis (version 3.2;https://www.oecd.org/chemicalsafety/risk-
assessment/oecd-gsar-toolbox.htm).
“Based on results obtained with SkinEthic™ HCE TTT in the validation study (13)(14).

For liquids, the SkinEthic™ HCE TTL uses three exposure-times : Test chemicals are applied neat for 5 minutes (viability 1), and diluted at
20% (w/v) for 16 minutes (viability 2) and 120 minutes (viability 3). For solids, the SkinEthic™ HCE TTS uses two exposure-times: Test chemicals
are applied neat for 30 minutes (viability 1) and 120 minutes (viability 2) (see paragraph 29).

20. As part of the proficiency testing, it is recommended that users verify the barrier properties of the
tissues after receipt as specified by the RhCE tissue construct producer (see paragraphs 24, 25 and 27).
This is particularly important if tissues are shipped over long distance / time periods. Once a test method
has been successfully established and proficiency in its use has been acquired and demonstrated, such
verification will not be necessary on a routine basis. However, when using a test method routinely, it is
recommended to continue to assess the barrier properties at regular intervals.

PROCEDURE

21. The test method currently covered by this TG is the scientifically validated SkinEthic™ HCE TTT
Test (14). The Standard Operating Procedures (SOP) for both SkinEthic™ HCE TTL and TTS are available
and should be employed when implementing and using the test method in a laboratory (28)(29). The
following paragraphs and Annex Il describe the main components and procedures of the RhCE test
method.

RhCE TEST METHOD Components

GENERAL CONDITIONS

22. Relevant human-derived cells should be used to reconstruct the cornea-like epithelium three-
dimensional tissue, which should be composed of progressively stratified but not cornified cells. The RhCE
tissue construct is prepared in inserts with a porous synthetic membrane through which nutrients can pass
to the cells. Multiple layers of viable, non-keratinized epithelial cells should be present in the reconstructed
cornea-like epithelium. The RhCE tissue construct should have the epithelial surface in direct contact with
air so as to allow for direct topical exposure of test chemicals in a fashion similar to how the corneal
epithelium would be exposed in vivo. The RhCE tissue construct should form a functional barrier with
sufficient robustness to resist rapid penetration of cytotoxic benchmark substances, e.g., sodium dodecyl
sulphate (SDS). For example, the barrier function should be demonstrated and may be assessed by
determination of the concentration at which a benchmark substance reduces the viability of the tissues by
50% (ICso) following a fixed exposure time e.g., 30 minutes-treatment with 50 yL SDS (see paragraph 27).
The containment properties of the RhCE tissue construct should prevent the passage of test chemical
around the edge of the viable tissue, which could lead to poor modelling of corneal exposure. The human-
derived cells used to establish the RhCE tissue construct should be free of contamination by bacteria,
viruses, mycoplasma, and fungi. The sterility of the tissue construct should be checked by the supplier for
absence of contamination by fungi and bacteria.
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FUNCTIONAL CONDITIONS
Viability

23. The assay used for quantifying tissue viability is the tetrazolium dye (MTT) assay (15). Viable cells
of the RhCE tissue construct reduce the vital dye MTT into a blue MTT formazan precipitate, which is then
extracted from the tissue using isopropanol (or a similar solvent). The extracted formazan dye may be
quantified using either a standard absorbance (Optical Density (OD)) measurement or an HPLC/UPLC-
spectrophotometry procedure (28)(29). The OD of the blank solution alone (which is the extraction solvent
for MTT assay) should be sufficiently small, i.e., OD < 0.1. Users of the RhCE tissue construct should
ensure that each batch of the RhCE tissue construct used meets defined criteria for the negative control.
Acceptability ranges for the negative control OD values for the SkinEthic™ HCE TTT are given in Table 3.
For HPLC/UPLC-spectrophotometry, the negative control OD ranges provided in Table 3 should be used
as acceptance criterion for the negative control. It should be documented in the test report that the tissues
treated with the negative control substance are stable in culture (provide similar tissue viability
measurements) for the duration of the test exposure period. A similar procedure should be followed by the
tissue producer as part of the quality control tissue batch release, but in this case different acceptance
criteria than those specified in Table 3 may apply. An acceptability range (upper and lower limit) for the
negative control OD values (in the QC test method conditions) should be established by the RhCE tissue
construct developer/supplier.

Table 3. Acceptability ranges for negative control OD values (for the test method users)

Test Method Lower acceptance limit Upper acceptance limit
SkinEthic™ HCE >1.0 <25
TTT(HCE/S) - VRM

(for both TTL and TTS

protocols)

Barrier function

24, The RhCE tissue construct should be sufficiently thick and robust to resist the rapid penetration of
cytotoxic benchmark substances, as estimated e.g. by ICso (SDS) (Table 4). The barrier function of each
batch of the RhCE tissue construct used should be demonstrated by the RhCE tissue construct
developer/vendor upon supply of the tissues to the end user (see paragraph 27).

Morphology

25. Histological examination of the RhCE tissue construct should demonstrate human cornea-like
epithelium structure (including at least four layers of viable epithelial cells). For the VRM, appropriate
morphology has been established by the supplier and therefore does not need to be demonstrated again
by a test method user for each tissue batch used.

Reproducibility

26. The results of the positive and negative controls of the test method should demonstrate
reproducibility over time.
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Quality control (QC)

27. The RhCE tissue construct should only be used if the developer/supplier demonstrates that each
batch of the RhCE tissue construct used meets defined production release criteria, the most relevant
among which are those for viability (paragraph 23) and barrier function. An acceptability range (upper and
lower limits) for the barrier functions as measured by the ICso should be established by the RhCE tissue
construct supplier. The ICso acceptability range used as QC batch release criterion by the supplier of the
RhCE tissue constructs used in the test method is given in Table 4. Data demonstrating compliance with
all production release criteria should be provided by the RhCE tissue construct supplier to the test method
users so that they are able to include this information in the test report. Only results produced with tissues
fulfilling all of these production release criteria can be accepted for reliable prediction of chemicals for eye
hazard identification in accordance with UN GHS.

Table 4. QC batch release criteria of the SkinEthic™ HCE tissue construct

Test Method Lower Upper acceptance
acceptance limit limit
SkinEthic™ HCE TTT(HCE/S) - VRM IC50 = 1.0 mg/mL IC50 =3.2 mg/mL

(30 minutes treatment with 50 uL SDS)

Application of the Test Chemical and Control Substances

28. At least two tissue replicates for each time-treatment point should be used for each test chemical
and each control substance in each run. Two different treatment protocols are used, one for liquid test
chemicals and one for solid test chemicals (28)(29). For the SkinEthic™ HCE TTT, the tissue construct
surface should be moistened with calcium and magnesium-free Dulbecco's Phosphate Buffered Saline
(Caz*/Mg?*-free DPBS) for liquids’ protocol before application of test chemicals or with water for solids’
protocol, to mimic the wet conditions of the human eye. The treatment of the tissues is initiated with
exposure to the test chemical(s) and control substances. For any treatment protocols, a sufficient amount
of test chemical or control substance should be applied to uniformly cover the epithelial surface.

29. Test chemicals that can be pipetted at 37°C or lower (using a positive displacement pipette, if
needed) are treated as liquids in the test method, otherwise they should be treated as solids (see
paragraph 30). Specific procedures for liquids that do not form a solution or a stable suspension are
included in the SOP (28). In the test method, liquid test chemicals are evenly spread over the tissue surface
(i.e. 160+2 pL/cm? application) (Annex Il). SkinEthic™ HCE tissues are topically exposed for three different
treatment times: Test chemicals are applied neat for 5 minutes, and diluted at 20% (w/v) in distilled water
for 16 minutes and 120 minutes at the pre-defined conditions of the method (28). At the end of the exposure
period, the liquid test chemical and the control substances should be carefully removed from the tissue
surface by extensive rinsing with Ca2*/Mg?*-free DPBS at room temperature. This rinsing step should be
followed by a 10 minute post-exposure immersion in fresh medium at room temperature (to remove any
test chemical absorbed into the tissue) prior to performing the MTT assay (Annex 11)(28).

30. Test chemicals that cannot be pipetted (for example, highly viscous liquids) are treated as solids
in the test method. The amount of test chemical applied should be sufficient to cover the entire surface of
the tissue, i.e. a minimum of 160+2 mg/cm? application should be used (Annex Il). Whenever possible,
solids should be tested as a fine powder. SkinEthic™ HCE tissues are topically exposed to test chemicals
for 30 and 120 minutes at standard culture conditions (see Annex 11)(29). At the end of the exposure period,
the solid test chemical and the control substances should be carefully removed from the tissue surface by
extensive rinsing with Ca2*/Mg?*-free DPBS at room temperature. This rinsing step should be followed by
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a 30 minute post-exposure immersion in fresh medium at room temperature (to remove any test chemical
absorbed into the tissue), prior to performing the TD assay (Annex I1)(29).

31. Concurrent negative and positive controls should be included in each run to demonstrate that the
viability (determined with the negative control) and the sensitivity (determined with the positive control) of
the tissues are within acceptance ranges defined based on historical data. The concurrent negative control
also provides the baseline (100% tissue viability) to calculate the relative percent viability of the tissues
treated with the test chemical (% Viabilitytest). The recommended positive control substance to be used with
the SkinEthic™ HCE TTT is neat methyl acetate (CAS RN. 79-20-9, commercially available) for liquids’
protocol, and lactic acid at 1% (W/V) in water (CAS RN. 50-21-5, commercially available) for solids’
protocol. The recommended negative control substance to be used is Ca?*/Mg?*-free DPBS for both liquids
and solids protocols. These were the control substances used in the validation studies of the SkinEthic™
HCE TTT and are those for which most historical data exist. The use of suitable alternative positive or
negative control substances should be scientifically and adequately justified. Negative and positive controls
should be tested with the same protocol(s) as the one(s) used for the test chemicals included in the run
(i.e. for liquids and/or solids). This application should be followed by the treatment exposure, rinsing, and
a post-exposure immersion, as described for controls run concurrently to liquid test chemicals (see
paragraph 29) or for controls run concurrently to solid test chemicals (see paragraph 30), prior to
performing the MTT assay (see paragraph 32) (26)(27). One single set of negative and positive controls is
sufficient for all test chemicals of the same physical state (liquids or solids) included in the same run.

Tissue Viability Measurements

32. The MTT assay is a standardised quantitative method (15) that should be used to measure tissue
viability under this TG. It is compatible with use in a three-dimensional tissue construct. The MTT assay is
performed immediately following the post-soak procedure. The RhCE tissue construct sample is placed in
0.3 mL of MTT solution at 1 mg/mL for 180+15 minutes at standard culture conditions. The vital dye MTT
is reduced into a blue MTT formazan precipitate by the viable cells of the RhCE tissue construct. The
precipitated blue MTT formazan product is then extracted from the tissue using an appropriate volume of
isopropanol (or a similar solvent) (28)(29). Tissues tested with liquid test chemicals should be extracted
from both the top and the bottom of the tissues, while tissues tested with solid test chemicals or coloured
liquids should be extracted from the bottom of the tissue only (to minimise any potential contamination of
the isopropanol extraction solution with any test chemical that may have remained on the tissue). Tissues
tested with liquid test chemicals that are not readily washed off may also be extracted from the bottom of
the tissue only. The concurrently tested negative and positive control substances should be treated
similarly to the tested chemical. The extracted MTT formazan may be quantified either by a standard
absorbance (OD) measurement at 570 nm using a filter band pass of maximum + 30 nm or by using an
HPLC/UPLC-spectrophotometry procedure (see paragraph 40).

33. Optical properties of the test chemical or its chemical action on MTT may interfere with the
measurement of formazan dye (FD) leading to a false estimate of tissue viability, i.e., under-prediction of
eye irritation. Test chemicals may interfere with the measurement of FD by direct reduction of the MTT into
coloured FD (blue MTT formazan) and/or by colour interference if the test chemical absorbs, naturally or
due to treatment procedures, in the same OD range as FD (i.e., MTT formazan: around 570 nm). Potential
of chemicals to directly reduce TD and/or interfere with colour (only necessary for coloured test chemicals)
should be checked before testing. In case of FD interference, additional controls should be used to correct
for potential interference from such test chemicals (see paragraphs 34-36 and Annexes lll). This is
especially important when a specific test chemical is not completely removed from the RhCE tissue
construct by rinsing or when it penetrates the cornea-like epithelium and is therefore present in the RhCE
tissue constructs when the MTT assay is performed. For test chemicals absorbing light in the same range
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as FD (naturally or after treatment), which are not compatible with the standard absorbance (OD)
measurement of FD due to strong interference, i.e., strong absorption at 570+30 nm (with MTT formazan),
an HPLC/UPLC-spectrophotometry procedure to measure FD may be employed (see paragraphs 39 and
40) (28). A detailed description of how to detect and correct for direct MTT reduction and interferences by
colouring agents is available in the test method SOPs (28)(29). lllustrative flowcharts providing guidance
on how to identify and handle direct MTT-reducers and/or colour interfering chemicals are also provided in
Annexes lII.

34. To identify potential interference by test chemicals absorbing light in the same range as FD
(naturally or after treatment) and decide on the need for additional controls, the test chemical is added to
water and incubated for an appropriate time at room temperature (Annex Il) (28)(29). If a coloured solution
is obtained when mixing the test chemical with water (see Annex lll), the test chemical is presumed to
interfere with the standard absorbance (OD) measurement of FD; in such a case, further colorant controls
should be performed or, alternatively, an HPLC/UPLC-spectrophotometry procedure should be used,
which do not require these controls (see paragraphs 39 and 40 and Annexes Il and 1V). When performing
the standard absorbance (OD) measurement, each interfering test chemical should be applied on at least
two viable tissue replicates, which undergo the entire testing procedure but are incubated with medium
instead of MTT solution during the MTT incubation step, to generate a non-specific colour in living tissues
(NSCiiing) control (28)(29). The NSCiwving control needs to be performed concurrently to the testing of the
coloured test chemical and, in case of multiple testing, an independent NSCiwving control needs to be
conducted with each test performed (in each run) due to the inherent biological variability of living tissues.
True tissue viability is calculated as: the percent tissue viability obtained with living tissues exposed to the
interfering test chemical and incubated with the MTT (%Viabilitytest) minus the percent non-specific colour
obtained with living tissues exposed to the interfering test chemical and incubated with medium without
MTT, run concurrently to the test being corrected (%NSCiving), i.e., True tissue viability = [%Viabilitytest] -
[%NSCIiving].

35. To identify direct MTT reducers, each test chemical should be added to freshly prepared MTT
solution. An appropriate amount of test chemical is added to a MTT solution and the mixture is incubated
for approximately 3 hours at standard culture conditions (see Annex Ill) (28)(29). If the MTT mixture
containing the test chemical (or suspension for insoluble test chemicals) turns blue/purple, the test
chemical is presumed to directly reduce the MTT and a further functional check on non-viable RhCE tissue
constructs should be performed, independently of using the standard absorbance (OD) measurement or
an HPLC/UPLC- spectrophotometry procedure. This additional functional check employs killed tissues that
possess only residual metabolic activity but absorb and retain the test chemical in a similar way as viable
tissues. Killed tissues of SkinEthic™ HCE TTT are prepared by prolonged incubation (e.g., at least 24+1
hours) in water followed by storage at low temperature ("water-killed"). Each MTT reducing test chemical
is applied on at least two killed tissue replicates, which undergo the entire testing procedure, to generate
a non-specific MTT reduction (NSMTT) control (28)(29). A single NSMTT control is sufficient per test
chemical regardless of the number of independent tests/runs performed. True tissue viability is calculated
as: the percent tissue viability obtained with living tissues exposed to the MTT reducer (% Viabilitytest) minus
the percent non-specific TD reduction obtained with the killed tissues exposed to the same reducer,
calculated relative to the negative control run concurrently to the test being corrected (%NSMTT), i.e. true
tissue viability = [%Viabilitytest] - [YoNSMTT].

36. Test chemicals that are identified as producing both colour interference (see paragraph 34) and
direct MTT reduction (see paragraph 35) will also require a third set of controls when performing the
standard absorbance (OD) measurement, apart from the NSMTT and NSCiing controls described in the
previous paragraphs. This is usually the case with darkly coloured test chemicals absorbing light in the
range of 570+30 nm for MTT formazan (e.g., blue, purple, black) because their intrinsic colour impedes
the assessment of their capacity to directly reduce MTT as described in paragraph 35. This forces the use
of NSMTT controls, by default, together with the NSCiing controls. Test chemicals for which both NSMTT
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and NSCiwing controls are performed may be absorbed and retained by both living and killed tissues.
Therefore, in this case, the NSMTT control may not only correct for potential direct MTT reduction by the
test chemical, but also for colour interference arising from the absorption and retention of the test chemical
by killed tissues. This could lead to double correction for colour interference since the NSCiing control
already corrects for colour interference arising from the absorption and retention of the test chemical by
living tissues. To avoid a possible double correction for colour interference, a third control for non-specific
colour in killed tissues (NSCiiled) Nneeds to be performed (Annex Ill) (28)(29). In this additional control, the
test chemical is applied on at least two killed tissue replicates, which undergo the entire testing procedure
but are incubated with medium instead of MTT solution during the MTT incubation step. A single NSCeiled
control is sufficient per test chemical regardless of the number of independent tests/runs performed, but
should be performed concurrently to the NSMTT control and with the same tissue batch. True tissue
viability is calculated as: the percent tissue viability obtained with living tissues exposed to the test chemical
(% Viabilitytest) minus %NSMTT minus %NSCiving plus the percent non-specific colour obtained with killed
tissues exposed to the interfering test chemical and incubated with medium without MTT, calculated
relative to the negative control ran concurrently to the test being corrected (%NSCkiled), i.e., True tissue
viability = [%Viabilitytest] - [%eNSMTT] - [%NSCliiving] + [Y%NSCikiled].

37. It is important to note that non-specific MTT reduction and non-specific colour interferences may
increase the OD (when performing standard absorbance measurements) of the sample above the linearity
range of the spectrophotometer and that non-specific MTT reduction can also increase the FD peak area
(when performing HPLC/UPLC- spectrophotometry measurements) of the sample above the linearity
range of the spectrophotometer. On this basis, when using RhCEs, it is important for each laboratory to
determine the OD/peak area linearity range of their spectrophotometer with MTT formazan (CAS RN.
57360-69-7) which is commercially available.

38. The standard absorbance (OD) measurement using a spectrophotometer is appropriate to assess
direct MTT-reducers and colour interfering test chemicals, when the observed interference with the
measurement of FD is not strong (i.e., the ODs of the samples obtained with the test chemical without any
correction for direct MTT reduction and/or colour interference are within the linear range of the
spectrophotometer). Nevertheless, results for test chemicals producing %6NSMTT and/or %NSCiing = 50%
for liquids protocol or 60% for solids protocol of the negative control should be taken with caution. Standard
absorbance (OD) can however not be measured when the interference with the measurement of FD is
strong (i.e., leading to uncorrected ODs of the test samples falling outside of the linear range of the
spectrophotometer). Coloured test chemicals or test chemicals that become coloured in contact with water
that interfere strongly with the standard absorbance (OD) measurement of FD may still be assessed using
HPLC/UPLC-spectrophotometry (Annex Ill). This is because the HPLC/UPLC system allows for the
separation of the FD from the chemical before its quantification. For this reason, NSCiving or NSCiled
controls are never required when using HPLC/UPLC-spectrophotometry, independently of the chemical
being tested. NSMTT control should nevertheless be used if the test chemical is suspected to directly
reduce MTT (following the procedure described in paragraph 35). NSMTT control should also be used with
test chemicals having a colour (intrinsic or appearing when in water) that impedes the assessment of their
capacity to directly reduce MTT as described in paragraph 35. When using HPLC/UPLC-
spectrophotometry to measure FD, the percent tissue viability is calculated as percent FD peak area
obtained with living tissues exposed to the test chemical relative to the FD peak obtained with the
concurrent negative control. For test chemicals able to directly reduce MTT, true tissue viability is
calculated as: %Viabilitytest minus %NSMTT as described in the last sentence of paragraph 35.

39. Finally, it should be noted that direct MTT-reducers that are also colour interfering, which are
retained in the tissues after treatment and reduce MTT so strongly that they lead to ODs (using standard
OD measurement) or peak areas (using UPLC/HPLC- spectrophotometry) of the tested samples that fall
outside of the linearity range of the spectrophotometer cannot be assessed with the RhCE test method,
although these are expected to occur in only very rare situations.
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40. HPLC/UPLC-spectrophotometry may be used with all types of test chemicals (coloured, non-
coloured, MTT-reducers and non-MTT reducers) for measurement of FD. Due to the diversity of
HPLC/UPLC-spectrophotometry systems, it is not feasible for each user to establish the exact same
system conditions. As such, qualification of the HPLC/UPLC-spectrophotometry system should be
demonstrated before its use to quantify MTT from samples by meeting the acceptance criteria for a set of
standard qualification parameters based on those described in the U.S. Food and Drug Administration
guidance for industry on bioanalytical method validation (30)(31). These key parameters and their
acceptance criteria are shown in Annex IV. Once the acceptance criteria defined in Annex IV have been
met, the HPLC/UPLC-spectrophotometry system is considered qualified and ready to measure FD under
the experimental conditions described in this TG.

Acceptance Criteria

41. For each run using RhCE tissue batches that met the quality control (see paragraph 27), tissues
treated with the negative control substance should exhibit OD reflecting the quality of the tissues that
followed shipment, receipt steps and all protocol processes and should not be outside the historically
established boundaries described in Table 3(see paragraph23). For the SkinEthic™ HCE TTL protocol,
tissues treated with the positive control substance, i.e., methyl acetate, should show a mean tissue viability
< 50% at the time exposure of 5 minutes and > 50% at both times 16 and 120 minutes, relative to the
negative control. For the SkinEthic™ HCE TTS protocol, tissues treated with the positive control
substance, i.e., lactic acid at 1% (W/V) in water, should show a mean tissue viability > 40% relative to the
negative control at the time exposure of 30 minutes and 20%< %Viability < 70% after 120 minutes
treatment, thus reflecting the ability of the tissues to respond to an irritant test chemical under the conditions
of the test method (28)(29).

42. The variability between tissue replicates of test chemicals and control substances should fall
within the accepted limits (i.e., the difference of viability between two tissue replicates should be less than
20% or the standard deviation (SD) between three tissue replicates should not exceed 18%). If either the
negative control or positive control included in a run is outside of the accepted ranges, the run is considered
"non-qualified" and should be repeated. If the variability between tissue replicates of a test chemical is
outside of the accepted range, the test must be considered "non-qualified" and the test chemical should
be re-tested.

Interpretation of Results and Prediction Model

43. The OD values/peak areas obtained with the replicate samples for each test chemical should be
used to calculate the mean percent tissue viability (mean between tissue replicates) normalised to the
negative control, which is set at 100%. The percentage tissue viability cut-off values used to identify and
classify test chemicals for ocular hazard categories according to UN GHS classification; i.e. No Category
(not classified), Category 2 (eye irritation) and Category 1 (serious eye damage) are given in Table 5.
Results should thus be interpreted as follows:

e The test chemical is identified as a chemical not requiring classification and labelling according to
UN GHS (No Category) if the mean percent tissue viability after exposure and a post-soak
incubation is more than (>) the established percentage tissue viability cut-off value within all-time
treatments.

e The test chemical is identified as a chemical inducing serious eye damage according to UN GHS
(Category 1) if the mean percent tissue viability after exposure and a post-soak incubation is less
than or equal to (<) the established percentage tissue viability cut-off value within all-time
treatments.
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e The test chemical is identified as a chemical inducing eye irritation according to UN GHS (Category
2) if the combination of mean percent tissue viability within all-time treatment fall outside of the
criteria established to identify the test chemical as a No Cat or a Cat 1, as shown in Table 5.

Table 5. Prediction Model according to UN GHS classification

No Category Category 2 Category 1
SkinEthic HCE TTL Mean tissue viability = Any other combination | Mean tissue viability
(for the liquids protocol) > 50% within all-time | of values® < 50% within all-time
treatments treatments
SkinEthic HCE TTS(for the = Mean tissue viability  Any other combination ' Mean tissue viability
solids protocol) > 40% after 30 of values' <40% after 30
minutes minutes
and and
> 60% after 120 < 60% after 120
minutes minutes

1Any combination of values other than those defined for No Cat or Cat 1.

44, A single test composed of at least two tissue replicates should be sufficient for a test chemical
when the result is unequivocal. However, in cases of borderline results, such as non-concordant replicate
measurements and/or mean percent tissue viability equal to established percentage tissue viability cut-off
value £5% within the time treatments, a second test should be considered, as well as a third one in case
of discordant results between the first two tests.

DATA AND REPORTING

Data

45, Data from individual replicate tissues in a run (e.g., OD values/FD peak areas and calculated
percent tissue viability data for the test chemical and controls, and the final RhCE test method prediction)
should be reported in tabular form for each test chemical, including data from repeat tests, as appropriate.
In addition, mean percent tissue viability and difference of viability between two tissue replicates (if n=2
replicate tissues) or SD (if n=23 replicate tissues) for each individual test chemical and control should be
reported. Any observed interferences of a test chemical with the measurement of FD through direct MTT
reduction and/or coloured interference should be reported for each tested chemical.

Test report

46. The test report should include the following information:
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Test chemical

Mono-constituent substance

Chemical identification, such as [IUPAC or CAS name(s), CAS registry number(s), SMILES or InChl
code, structural formula, and/or other identifiers;

Physical state, volatility, pH, LogP, molecular weight, chemical class, and additional relevant
physicochemical properties relevant to the conduct of the study, to the extent available;

Purity, chemical identity of impurities as appropriate and practically feasible, etc.;
Treatment prior to testing, if applicable (e.g., warming, grinding);
Storage conditions and stability to the extent available.

Muilti-constituent substance, UVCB and mixture

Characterisation as far as possible by e.g., chemical identity (see above), purity, quantitative
occurrence and relevant physicochemical properties (see above) of the constituents, to the extent
possible

Physical state and additional relevant physicochemical properties relevant to the conduct of the
study, to the extent possible;

Purity, chemical identity of impurities as appropriate and practically feasible, etc.;
Treatment prior to testing, if applicable (e.g., warming, grinding);
Storage conditions and stability to the extent possible.

Positive and Negative Control Substances

Chemical identification, such as [IUPAC or CAS name(s), CAS registry number(s), SMILES or InChl
code, structural formula, and/or other identifiers;

Physical state, volatility, molecular weight, chemical class, and additional relevant physicochemical
properties relevant to the conduct of the study, to the extent available;

Purity, chemical identity of impurities as appropriate and practically feasible, etc.;
Treatment prior to testing, if applicable (e.g., warming, grinding);
Storage conditions and stability to the extent available;

Justification for the use of a different negative control than those referenced in Annex I, if
applicable;

Justification for the use of a different positive control than those referenced in Annex I, if applicable;

Reference to historical positive and negative control results demonstrating suitable run acceptance
criteria.

Information Concerning the Sponsor and the Test Facility

Name and address of the sponsor, test facility and study director.

RhCE Tissue Construct and Protocol Used (providing rationale for the choices)

Test Method Conditions

RhCE tissue construct used, including batch number;
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Wavelength and band pass (if applicable) used for quantifying FD, and linearity range of measuring
device (e.g., spectrophotometer);

Description of the method used to quantify FD

Description of the HPLC/UPLC-spectrophotometry system used, if applicable; LLOQ, ULOQ, and
results of calibration curves and QCs using the same type of fitting and weighting as in the
validation of the HPLC/UPLC should be included in the reporting.

Complete supporting information for the specific RhCE tissue construct used including its
performance. This should include, but is not limited to:

i. Viability quality control (supplier)

ii. Viability under test method conditions (user);

iii. Barrier function quality control (supplier);

iv. Morphology, if available (supplier);

V. Other quality controls (QC) of the RhCE tissue construct, if available (supplier);

Reference to historical data of the RhCE tissue construct. This should include, but is not limited to:
Acceptability of the QC data with reference to historical batch data;

Statement that the testing facility has demonstrated proficiency in the use of the test method before
routine use by testing of the proficiency chemicals;

Run and Test Acceptance Criteria

Positive and negative control means and acceptance ranges based on historical data;
Acceptable variability between tissue replicates for positive and negative controls;
Acceptable variability between tissue replicates for the test chemical;

Test Procedure:

Details of the test procedure used (e.g., version of the SOP);
Doses of test chemical and control substances used;

Duration and temperature of exposure, post-exposure immersion and post-exposure incubation
periods (where applicable);

Description of any modifications to the test procedure;
Indication of controls used for direct MTT-reducers and/or colouring test chemicals, if applicable;

Number of tissue replicates used per test chemical and controls (positive control, negative control,
NSMTT, NSCliving and NSCkilled, if applicable);

Results:

Tabulation of data from individual test chemicals and control substances for each run (including
repeat experiments where applicable) and each replicate measurement, including OD value or FD
peak area, percent tissue viability, mean percent tissue viability, difference between tissue
replicates or SD, and final prediction;

If applicable, results of controls used for direct MTT-reducers and/or coloured test chemicals,
including OD value or FD peak area, %NSMTT, %NSCliving, %NSCkilled, difference between
tissue replicates or SD, final correct percent tissue viability, and final prediction;
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e Results obtained with the test chemical(s) and control substances in relation to the define run and
test acceptance criteria;

e Description of other effects observed, e.g., colouration of the tissues by a coloured test chemical;
Discussion of the results

Conclusion
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ANNEX 1: DEFINITIONS

Balanced Accuracy: Average of the proportion of the correct predictions of each category. The closeness
of agreement between test method results and accepted reference values taking into account imbalance
of the class distribution.

Benchmark chemical: A chemical used as a standard for comparison to a test chemical. A benchmark
chemical should have the following properties: (i) consistent and reliable source(s) for its identification and
characterisation; (ii) structural, functional and/or chemical or product class similarity to the chemical(s)
being tested; (iii) known physicochemical characteristics; (iv) supporting data on known effects; and (v)
known potency in the range of the desired response.

Chemical: A substance or mixture.
Concordance: See "Accuracy".

Cornea: The transparent part of the front of the eyeball that covers the iris and pupil and admits light to
the interior.

CV: Coefficient of Variation.
Dev: Deviation.

Eye irritation: Production of changes in the eye, which are fully reversible, occurring after the exposure of
the eye to a substance or mixture. Interchangeable with “Reversible effects on the eye” and with “UN GHS
Category 2” (1) with the optional Categories 2A (effects fully reversible within 21 days) and 2B (effects fully
reversible within 7 days).

Formazan dye (FD): Chromogenic product of the reduction of MTT.

Hazard: Inherent property of an agent or situation having the potential to cause adverse effects when an
organism, system or (sub) population is exposed to that agent.

HCE: SkinEthic™ Human Corneal Epithelium
HPLC: High Performance Liquid Chromatography.

ICs0: Concentration at which a benchmark chemical reduces the viability of the tissues by 50% following a
fixed exposure time (e.g., 30 minutes-treatment with SDS).

Irreversible effects on the eye: See “Serious eye damage”.

LLOQ: Lower Limit of Quantification.

LogP: Logarithm of the octanol-water partition coefficient

Mixture: A mixture or a solution composed of two or more substances in which they do not react (1).

Mono-constituent substance: A substance, defined by its quantitative composition, in which one main
constituent is present to at least 80% (w/w).

Multi-constituent substance: A substance, defined by its quantitative composition, in which more than
one main constituent is present in a concentration = 10% (w/w) and < 80% (w/w). A multi-constituent
substance is the result of a manufacturing process. The difference between mixture and multi-constituent
substance is that a mixture is obtained by blending of two or more substances without chemical reaction.
A multi-constituent substance is the result of a chemical reaction.

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Thiazolyl blue tetrazolium bromide.
(CAS RN 298-93-1)
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Negative control: A sample containing all components of a test system and treated with a substance
known not to induce a positive response in the test system. This sample is processed with test chemical-
treated samples and other control samples and is used to determine 100% tissue viability.

Not Classified: Chemicals that are not classified for Eye irritation (UN GHS Category 2, 2A, or 2B) or
Serious eye damage (UN GHS Category 1). Interchangeable with “UN GHS No Category”.

NSCuiea: Non-Specific Colour in killed tissues. NSCiving: Non-Specific Colour in living tissues. NSMTT:
Non-Specific MTT reduction.

OD: Optical Density.

Positive control: A sample containing all components of a test system and treated with a substance known
to induce a positive response in the test system. This sample is processed with test chemical-treated
samples and other control samples. To ensure that variability in the positive control response across time
can be assessed, the magnitude of the positive response should not be excessive.

Relevance: Description of relationship of the test to the effect of interest and whether it is meaningful and
useful for a particular purpose. It is the extent to which the test correctly measures or predicts the biological
effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test method
(32).

Reliability: Measures of the extent that a test method can be performed reproducibly within and between
laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and
inter-laboratory reproducibility and intra-laboratory repeatability (32).

Replacement test: A test which is designed to substitute for a test that is in routine use and accepted for
hazard identification and/or risk assessment, and which has been determined to provide equivalent or
improved protection of human or animal health or the environment, as applicable, compared to the
accepted test, for all possible testing situations and chemicals (32).

Reproducibility: The agreement among results obtained from repeated testing of the same test chemical
using the same test protocol (See "Reliability") (32).

Reversible effects on the eye: See “Eye irritation”.
RhCE: Reconstructed human Cornea-like Epithelium.

Run: A run consists of one or more test chemicals tested concurrently with a negative control and with a
positive control.

SD: Standard Deviation.

Serious eye damage: refers to the production of tissue damage in the eye, or serious physical decay of
vision, which is not fully reversible, occurring after exposure of the eye to a substance or mixture.
Interchangeable with “Irreversible effects on the eye” and with “UN GHS Category 17 (1).

Standard Operating Procedures (SOP): Formal, written procedures that describe in detail how specific
routine, and test-specific, laboratory operations should be performed. They are required by GLP.

Substance: Chemical elements and their compounds in the natural state or obtained by any production
process, including any additive necessary to preserve the stability of the product and any impurities
deriving from the process used, but excluding any solvent which may be separated without affecting the
stability of the substance or changing its composition (1).

Test: A single test chemical concurrently tested in a minimum of two tissue replicates as defined in the
corresponding SOP.
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Tissue viability: Parameter measuring total activity of a cell population in a reconstructed tissue as their
ability to reduce the vital dye MTT, which, depending on the endpoint measured and the test design used,
correlates with the total number and/or vitality of living cells.

Test chemical: The term "test chemical" is used to refer to what is being tested.
TTL: SkinEthic™ HCE Time-to-Toxicity for Liquids chemicals

TTS: SkinEthic™ HCE Time-to-Toxicity for Solids chemicals

TTT: SkinEthic™ HCE Time-to-Toxicity test method

ULOQ: Upper Limit of Quantification.

United Nations Globally Harmonized System of Classification and Labelling of Chemicals (UN
GHS): A system proposing the classification of chemicals (substances and mixtures) according to
standardised types and levels of physical, health and environmental hazards, and addressing
corresponding communication elements, such as pictograms, signal words, hazard statements,
precautionary statements and safety data sheets, so that to convey information on their adverse effects
with a view to protect people (including employers, workers, transporters, consumers and emergency
responders) and the environment (1).

UN GHS Category 1: See “Serious eye damage”.
UN GHS Category 2: See “Eye irritation”.

UN GHS No Category: Chemicals that do not meet the requirements for classification as UN GHS
Category 1 or 2 (2A or 2B). Interchangeable with “Not Classified”.

UPLC: Ultra-High Performance Liquid Chromatography.
UVCB: substances of unknown or variable composition, complex reaction products or biological materials.

Valid test method: A test method considered to have sufficient relevance and reliability for a specific
purpose and which is based on scientifically sound principles. A test method is never valid in an absolute
sense, but only in relation to a defined purpose (31).

Validated test method: A test method for which validation studies have been completed to determine the
relevance (including accuracy) and reliability for a specific purpose. It is important to note that a validated
test method may not have sufficient performance in terms of accuracy and reliability to be found acceptable
for the proposed purpose (31).

VRM: Validated Reference Method.

Weight-of-evidence: The process of considering the strengths and weaknesses of various pieces of
information in reaching and supporting a conclusion concerning the hazard potential of a test chemical.

© OECD, (2022)
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ANNEX 3: ILLUSTRATIVE FLOWCHART PROVIDING GUIDANCE ON HOW TO
IDENTIFY AND HANDLE DIRECT MTT-REDUCERS AND/OR COLOUR
INTERFERING CHEMICALS, BASED ON THE SKINETHIC™ HCE TTT SOP

PRE-CHECK FOR
DIRECT MTT REDUCTION

Incubate 30 pL or 30 mg of
test chemicalin 300 pL of
1 mg/mL MTT solution for

3 hours at standard culture

PRE-CHECK FOR
COLOUR INTERFERENCE

Incubate 10 pL or 10 mg of
test chemicalin 90 pL of
water for 30 minutes at
room temperature

l

Does the mixture turn
coloured?

A 4

condiions
Is the colour ofthe chemical
too strong fo allow a
conclusive pre-check for
direct MTT reduction?
h 4
Does the mixture tumn
blue/purple? “

Incubate 30 pL or 30 mg of PRE-CHECK

test chemicalin 300 pL of FOR

31 hmg!mLtM;f jolguon mf:}r DIRECT MTT
ours at standard culture REDUCTION

condiions

!

Does the mixture furn

blue/purple?
Do Ees Yes I
Considerone ofthe [«
two following options n
v v v v g 3
Use OD or Use OD or
HPLCIUPLC- HPLCIUPLC- SUS:CEEL'%&]"E% Use OD Use OD ;’fﬁﬁf{:ﬂ;ﬁy
spectrophotometry spectrophotometry pecirop pecirop

Perform living-issue control concurrently Perform living-tissue control concurrently
with every test performed, following full with every test performed, following full
testing procedure but incubating with testing procedure butincubating with
medium instead of MTT (= %NSCyyg) mediuminstead of MTT (= %NSCyyg)

! + AND
Perform killed-tissue control following full Perform killed-tissue control following full
testing procedure (= %NSMTT) testing procedure (= %NSMTT)
(oneis sufficient to correct muliple tests) (oneis sufficient to correct muliple tests)
+ AND

Perform killed-tissue control following full
testing procedure but incubating with
medium instead of MTT (= % NSCygeq)

(ones sufficient to correct multiple tests)

. o Final %viability = Final %viability =
e contl_rol‘: o :tm:lt%‘t”a.b:'? - uNSMTT ‘huncorrected test viability - %uncorrected test viability - [ contr_olz
are require uncorrected test viability - %NSCiyng - NSMTT + %NSCyieq %NSCiying are require:

© OECD, (2022)
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ANNEX IV: KEY PARAMETERS AND ACCEPTANCE CRITERIA FOR
QUALIFICATION OF AN HPLC/UPLC-SPECTROPHOTOMETRY SYSTEM FOR
MEASUREMENT OF MTT FORMAZAN EXTRACTED FROM RhCE TISSUE

CONSTRUCTS

Parameter Protocol Derived from FDA Guidance Acceptance

(43)(45) Criteria

Selectivity Analysis of isopropanol, living blank Areainterference < 20% of
(isopropanol extract from living RhCE tissue AreaLLOQ!
constructs without any treatment), dead blank
(isopropanol extract from killed RhCE tissue
constructs without any treatment), and of a dye
(e.g., methylene blue)
Precision Quality Controls (i.e., MTT formazan at 1.6 CV <15% or < 20% for
pug/mL, 16 ug/mL and 160 pg/mL ) in the LLOQ
isopropanol (n=5)
Accuracy Quality Controls in isopropanol (n=5) %Dev < 15% or < 20%
for LLOQ
Matrix Effect Quality Controls in living blank (n=5) 85% < %Matrix Effect
<115%
Carryover Analysis of isopropanol after an ULOQ?2 standard  Areainterference < 20% of
Arearroq
Reproducibility 3 independent calibration curves (based on 6 Calibration Curves:
(intra-day) consecutive 1/3 dilutions of MTT formazan in %Dev < 15% or < 20%
isopropanol starting at ULOQ, i.e., 200 pug/mL); for LLOQ

Quality Controls in isopropanol (n=5)
Reproducibility Day 1: 1 calibration curve and Quality Controls in Quality Controls:

(inter-day) isopropanol (n=3) %Dev
Day 2: 1 calibration curve and Quality Controls <15% and CV < 15%
in

isopropanol (n=3)
Day 3: 1 calibration curve and Quality Controls

in
isopropanol (n=3)
Short Term Stability  Quality Controls in living blank (n=3) analysed %Dev < 15%
of MTT Formazan in  the day of the preparation and after 24 hours of
RhCE Tissue Extract storage at room temperature
Long Term Stability = Quality Controls in living blank (n=3) analysed %Dev < 15%
of MTT Formazan in the day of
RhCE Tissue Extract, the preparation and after several days of storage
if required at -20°C

'LLOQ: Lower Limit of Quantification, defined to cover 1-2% tissue viability, i.e., 0.8 ug/mL.
2ULOQ: Upper Limit of Quantification, defined to be at least two times higher than the highest expected MTT formazan
concentration in isopropanol extracts from negative controls (~70 pg/mL in the VRM), i.e., 200 pg/mL.

F© OECD, (2022)
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ANNEX V: PERFORMANCE OF THE SKINETHIC™ HCE TTT FOR THE LIQUIDS
AND SOLIDS USING THE 3X3 MATRIX SHOWING CORRECT, UNDER- AND
OVER- PREDICTIONS PER UN GHS CATEGORY

Table 1: Performance of the SkinEthic™ HCE TTL protocol

47.
inEthic™ HCE TTL - Predict tegori
UN GHS categories SkinEthic™ HC| redicted categories
Cat 1 Cat2 No Cat
Cat 1 (N=21) 85.4% 14.6% 0.0%
Cat 2 (N=25) 20.2% 79.8% 0.0%
No Cat (N=24) 0.0% 20.8% 79.2%

Table 2: Performance of the SkinEthic™ HCE TTS protocol

48.
kinEthic™ HCE TTS - Predi i
UN GHS categories SkinEthic™ HCE TTS - Predicted categories
Cat1 Cat2 No Cat
Cat 1 (N=29) 74.7% 25.3% 0.0%
Cat2 (N=19) 15.8% 55.3% 28.9%
No Cat (N=33) 3.0% 25.3% 71.7%

© OECD, (2022)
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