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yEACER L, KRBRIEOSHR ANV T — a3 VAT 0 &1T, @ ROS 7
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WroERE
Bt TE GREESIRY: 3P #i%)

A. BIFEEEE
FERIPESEAEBE L Z DR G HFIEIZ D
DOLPEAERE, BLICXVFIERIS
NOHEWERTH S, BIEEERMEIZRIT 548
TER Y 27 oEEERESEENTEY, Z
NETIZHEL D invitro 725 ONT in vivo
R ESERE S TVWD . AFEO BB
TEEERIME AR UE U R 2 FHI O 72 D E
DOEEEOEVEHMIR ZIRT TS5 & T
&Y, EREBREZEKIICERTLZLT
EEM R =—XIBEZ2 L5 TH5HDTH
. In vitro FHEEE LT UV WIGHIE 23
L BRI NTWDR, X0 EERZREL
FHR IS 2 R T D 2 O T & iF
reactive oxygen species (ROS) assay % B3
L7z, ARRABIEIIHREBRYE 2 R+ DB
CHETDH ROS BEE=FY 7§55
& ERFHE S T 2L EOSHERFHBIETH Y,

Wx DET MEEWE AW TCBEHZB N T
FEARIME AR BUE U A 7 2 TRk 2 A6
P& RIE L=, @71 ROS assay DA AN
EIRGET DT DEMR AN T —a A
X T 4 BTV, £ O transferability 72 & UM
FEEEBET L Z k. AE, A
V7F—varAET 4 UR— FEERL,

FoHFMEEZ T2, £, HBRWE K
NENEfEHR & ROS 7 v AT — & %%h%E
I<HAEDLEDLZ L THERY A2 T
W2 LVWRAALERFT L L LT

B. #H7Ehk
B-1) ROS assay
BAESYRBRREERIEL > ¥ —
(JaCVAM)EMEDONY F—3 g VIEEER
£ (VMT) ®F, ROS assay 7’2 h=z—)L
ZHESL LT2. VMT EE TLEWnBER = it
L, &¥IZ 2 EOE%EYE (quinine,
sulisobenzone), 23 FEDNEEGHELEY
acridine HCI,
HCl,

amiodarone HCI,
HCI,

(acridine,

chlorpromazine doxycycline



fenofibrate, furosemide, ketoprofen,

6-methylcoumarine,  8-methoxy  psoralen,
nalidixic acid, nalidixic acid Na, norfloxacin,
ofloxacin,

piroxicam, promethazine HCI,

rosigliutazone, tetracycline, anthracene,
avobenzone, bithionol, hexachlorophene, rose
bengal) 72 b MNT 19 FEOEEHERE(LE
L7 (aspirin, benzocaine, erythromycin,
phenytoin, penicillin G, bumetrizole, camphor
sulfonic acid, chlorhexidine, cinnamic acid,
drometrizole, histidine, methylbenzylidene
camphor, octrizole, octyl methacrylate, octyl
PABA,

NYF—g v

methoxycinnamate, octyl salicylate,
SDS, UV-571) ##E L7-.
A BT 41Z1% Atlas ¥ Suntest CPS & %
WL Seric #hD SXL-2500 % A3 5 HIK
IMBAEZENRBIML, GLP ORI &
S>THFEMETZEM L7-. ROS assay 7' 12
b a— e, a— N 42 fEE
DOHEE (200 uM) B RIGIKE 96
7 L7 L— MI4E L T Atlas Suntest
CPS series (2 X D 1 FFfE] O#ELKEE SR
%% (ca.2.0 mW/cm?), ROS (Singlet oxygen
& Superoxide) DEAEZ ETNETNHIE L
CFEBRIT 3 ERVIRL, BLEMONE
'ré URA7 &FHiL7-. F£7=, ICH topic S10
WA L CIEH A #{E L, ICH S10 guideline
IZ ROS 7 w4 ZREL:,
B-2) #rRLAHALRAEE
ROS 7 vA 7 —& LIy B REE®RZ
G DOE D Z L TRIEMBBEREIZ BT
B R 722 Eah R Rl R O L 2 AT
. ETNMNEMWTHDL 8 ED
Mequitazine (MQ),
promethazine HCl (PM), chlorpromazine HCI
(CP), Perphenazine (PP), fluphenazine 2HC]

phenothiazines (PTZs;

(FP), and  thiolidazine = HCl1  (TD),
Trifluoperazine 2HCI (TF), prochlorperazine

dimaleate (PC)) {Zx L, UV = ROS 7 v &
A LEDNALFHIRF R & cassette-dosing

ErxRW-EpEERREE/m L, H5oh
TAEREMAEDETERLEL PTZs DX
BEY 27 ZOWTIEL D Lz, FRIL
THFHEY AT L, Ty &AWV invivo
TR OFE R & FERAE L7z

(i ~DBLE)

ARWFFEN I TE FEBRI IR A L.

C. WrFifER
C-1) ROS assay

JaCVAMZ gk N U 7 — 3 a U BF5EIE
Atlas = 771X Seric B O BRI S YRR & ”’zjé B
ERWT 7 iRl L0 EaE . &I,
e ME e ONBG Mot BRI 2 R TR IRk 12 3
TERKEMERE LR, £ 42 BEO
a— M EN BB I OWTEMAE L 7.
TORER, ROST vEA1L, HHERANOAN
72/ A FZER O /s <, FURML
BN TCWEREBIETHDL Z ERENT.
F72, ROST v AL D NFHEHE DO
PEMRHRIT, HRMEO DB TE 2o
THEBME 2 BR< £100% Th 7. T7h2b
LR N 2N D, ROS 7 vtk
A%, EERT U VOFHEIZEAT
b EfEm Sz, JaCVAM OXEEIZ X -
TRYF— g bAR— D peer review
70— N AN— kBT
ORI AR Z B3 5
%%%%%ﬁk%@@}@S?yﬁ%@@
PEFRNE R & B2V TR
JiED bz, AU F— g URER] C%
5%, ICH (H KEUEZES SRS ERS

Review panel 7>



W) ONZEMETHE T A KT 42 (Step 43
£, 20134E114) IBWT, ROST vEA
X, BH KO &R AT T DR
i D EEHIWT R FTRE A2 R BRIE D — D &
LCEIRE N (AERO: ICH S10
guideline, step 4).

C-2) HrHFHmRIHE
JEWIUT & > TRHEDIRER & 72 o 7o e
fbawix, MEERIGEZEZ T2 LT, )t
BHEEERTLIEEZLNTEY, T72b
B, ERISHEITNEN Y X7 OBEEN R
L7202 . PTZs O X b7 5 HALFHIRISHE
WZDOWTHEE T X<, ROS assay %% L
7=, EEEH(LAEY TH S quinine =5
xR E L, XBERELEM THD
erythromycin % 2P BRIZH W=, LLATO
el & RIS, BEUREEERE TIZR N T
quinine M5 DE VY singlet oxygen ¥ X
" superoxide anion DEEAZFRDTMN, —
7T erythromycin 72> & 1 XiE# D EAL %78
Do Tn. TXTO PTZs IZBWT type
II Y b e %I L7258 singlet oxygen
DEAEZ DI
A3 TD, FP, BE O PP IZBWTHT 0
ICERD bz, I, fluorinated PTZs 12
BWTHE /72 ROS EAZFD, ROS EA
NEGL ST 32 EBLTO X S iZeoT:
FP=TF>TD>MQ=PM=CP=PC>PP.
F72, T PTZs (ZBiT5 ROS 77—
2%, LAETORICRB W TEFR S L7z ROS
assay O criteria [singlet oxygen (A4440 nm
X 103): 25; superoxide anion (AA4s60 nm X
103): 20] % EFEIY, PTZs i@\ e b5y
Ktz aT5Z 0 onErolc. 1
- T,ROS data 3L MEC fEIES%,

Superoxide anion D FE

PTZs 13HALFRIRISHED & <, BAHEALIC
S LG E I IEEBEENRE SN S TH
A9,

szﬂfét)iﬁf}i FLAERETCH D R FR L

RICHEND Z Lind, PTZs OFIHFE~D
%Ziﬁ IENE Tl AT 5 L TERT &
HERRTHAD. KL TITRIZEGIHEA R
7YV =V TRICGEATLZEEEBEL,
AZ)—"T"y M|k & B EIR O HIE A AT RE
L9 % cassette'dosing PK analyses %
We. £, 8 EOPTZs #7 v MO
#5. (5 mg/kg each, p.o.) L, MLAASRYEE
Bzt =FU 7L, £ PK X7 A—
Z—EEM L. KEEINIFEALED
PTZs OIMFEFREITPL0NICESRL,
Tmax & 3-4.5h ThoTo. —F T, MQ ©
BT OWRUIIARD TEL, Thald 17 h
Th-72. PTZs ODEFBRIIFEMIZ L - T
RELERY, Cnax 134 10-120 ng/mL
THY, Cuax \ZE>TH PTZs OEEHE
BELUT O L S WZNEN AT Liz: FP>TF>
TD>MQ=PP=PC>PM=CP. %7, PTZs
WEMLAE D BEELMITIHEA L, HEAHEE
I3 0.03-0.39h1 Tho7z. %j’b@i Z,
PTZs 13 R#HEIC & - TEALAMIC
TAHOFRRENRH Y, KFTHEY X7 @t%?j‘( z
DRWBHEEZ L. %< D PTLs 5%
% 45h ICBWVT Cuax ITELTD, 4.5
h 2B 2Tk (REROHE) ~0
PTZs OHAAEFT~T-. 1ZEAED PTZs
IR VAR, FRICEBEROLEMRBEALT
b, oA Lz, FP (ZEfE (637
ng/g tissue) FB L VMR (548 ng/g tissue) 1T
ZLBATLTRY, ZEho Kp f#i15.6
mL/g tissue, 4.8 mL/g tissue THo7=. Z
DFERIT FP O@mWVEHRZE R (Cnax 120



ng/mL) & BAFIZHS LTV, BLRGE Z
&2, PP ORJETIREX FP ORE iR
E% kEY, PP © Kp fEIX FP L9 15
4 fEEECThoT. 2TD PTZs REna
HREL R LIS 05, TD O
EABRELS IOCIRNBEZXEREN 72
ng/g tissue, 40 ng/g tissue &4 PTZs &
TROIEMEEZR L. TR, PM 34
FREBENENZ 20 D6T, PM ORE
NEBLCIRNEEIXTZNFI 336 nglg
tissue, 162 ngl/g tissue & HLESAYEE Z R
L7z, ZORERITES HEEMEEY OB
BATHIREEOR S ICXE SN TWDH I L
IZERE L, PM OFW log P X- THHA
T&EDHEEZD. LoT, FEBIVIERN
FEHREORmIIILUTOX S RIEF & 72
72t PP>FP>PM>MQ=PC=TF>CP=
TD. BTN ~DBATERIZESNTEZD
&, PP & FP E@EpicmmL, %k
PUZ E 0 BOST AU PTZs X0 H XY
M FEEERET AFEENH DL LB X
5. —FHT, TD BLO CP iFHEELLIWM

* 1

R~DBATEN YD 2 <, o PTZs
LV LTI AT RN THA ).

In vivo (2815 PTZs OXEEMEIZD
WTHET LS, 7y MZE PTZs &
positive/negative controls (100 mg/kg) % #%
5%, UV 2BH L, UV BKFIH%OKE
BRI EEEE LT, REAEERIGE
B L7z, < A2 80 mgkg @ CP &%
5L, UVA ZHET 5 L BEROLBIERIG
ZRLIEEVWIRMEOREIZESE, PTZs
R EMERBR AR - EIT L. B
MEXIBRTH D quinine 5L, UV &8
WliholeTy MIBITLKREREOE
L vehicle #& 5, IEMAHE & IR L, HE
7R ZEXERD 7o 72 (data not shown). —5
T, UV BRH, quinine ¥ 58 TixEIT b*
DEN EH L7722 L1 XY erythromycin #%
5, UV BRETHE LR L AE fEDS 3.7+2.1
& L7z, Quinine & [AERIZE PTZs 2BV
T UV WRETHE IR & i LA
IZEVY AE fEZ 7872 (data not shown). FF
2, FP #5570 UV BEHIZ LY L* (AL*:

Decision matrix for photosafety evaluation

Non-halogenated group

Fluorinated group Chlorinated group

MQ PM ™

Fp TF Cp PP PC

Photochemical properties

ﬁ"/gii‘}f,‘?ﬁ_’}) 302 nm/4,350 299 nm/3,700 312 nm/4,250 | 308 nn/3,550 307 nm/3.350 J 306 nm/3,850 308 nm/4,050 309 nm/4,050
max! &
51" 4 131 BN 1 SO £ /] &5
Il
0,
) 2 586
(AAgggX 107
ROS assay " A“(: . )
Bas 10%) 0 0 11 18 3 1 25 0
2] 2] 2] 41 5] 2] [/ 12]
Distribution to UV-exposed tissues
. e 2114 723 173.3 7.5 1,109.3
Skin (ng/g tissue) @2)° (1.2) 23) 8.1 (21.9)
. o 135.1 39.8 114.8 43 $65.9
Eyes (ng/g issue) @7 0.7 amn 4.0) any
{7] 11 [1] 41
Total score 8 8 8 12 10 7 11 9

? Risk scores in parentheses. ® ROS data for PTZs at a concentration of 200 UM,
concentration of PTZs at 4.5 h after oral cassette-dosing.
White cells, risk score 0—1; gray cells, 2-3; and black cells, 4-5.

parentheses.

° tissue
¢ K, values (mL/g tissue) in



11.4£0.7) fEF LT b* (Ab*: 3.4+0.7) fED
R L a* (Aa*: -8.240.9) [EDOREIC L DK
JE R OB OEE R E(LnNER S 4L, FP
LD L <BUVREMERIS 2R L7z,
TF BL PC IZBWTH AE {HOBEER
A w7, quinine & M L CHBEIZHHED
EEXHEERGERIHALN o P<
0.05). XIHRAYIZ non-halogenated PTZs % #%
5L, UV 2BE LEZT v MTBITS AE
fEIZfthod PTZs &5 LT UV Z#HREHL
A LB L TRVWES 2D, Thbb
non-halogenated PTZs |£ PTZs ®HTH L
BRI YEBIENTIN T L BRI L7z,

D. B
D-1) ROS assay

Atlas Suntest series 72 5 VT Seric
SXL-2500V2 % AV /= ROS assay DZfizk
NYF—va rAET  OFER, ROS assay
DV transferability & predictive capacity
FHERTE . [FFHERE A <EM LTV
Te®idid, #ERET o b 2 — L OEBAY 72
AR EFEERT L DA ENBEITRD
HLDOLEEXD.
D-2) CHTALETA RIS

FALFERRIS R KO g, IR~DOBAT
8% & T decision matrix B L,
PTZs ONFEMEY 27 ##R L7z & 1.
decision matrix X% O EBEE R DR
BT L, HIETT 272DV NS E
PERIFEIE R L OVE BB O 7 — % 25K
L7mAWRT — 4K THDH. Matrix
decision (12X 2 PTZs DX MY X 7 HE
BT, HBEFRRISERS LT PK O
W7 —Z B\ TEmWAaT Lo ks
WL, TONEFEY AT BEmNIEERL,

EEBh—T, HAHWIEE T DR 2T HBME
WME & 72 o T AL AT FRRE F TRV
BV A EETDZEERT. HFEH
%'ﬂﬁ’%6<xn7vyﬁ’ﬁmf

UV IR A~ h VB XY ROS 7 5%
Awiz. UV IRINA~7 hunbid, bE
%@%Ebiﬁ WZOWNWTDIFERPEL N,

ROS 7 —# 0 b3 b &M O HALFHI RS
PR ns . LB OREIREE L OFhic
oo <AL BUSIE, JEEMEA U =X AP
WWBWTGEZY 5 28R THY, JehbiEt
BIOYREHEZENLE, KEEY XY
@%ﬁ&@é P> T, UV BILAT K
L& ROS 7 — 4 O % KA F IR IERT
fick T AHEEE LTHWE. UV TRIR R
R B W IR RIS ST 5
MEC & 1,000 M'em™ YU ED{LEWITNE
PEEETHAREENEG N ERHREINT
BO, FFEICEBNTE MEC HICESE
Aay VY7 Ei{To72. PK T —FIZBWT
TEER X OIR~DITE % decision
matrix [ZBITAZ2 a7 ) AW,

ICH S10 draft guideline (Z HFCEi 4T
WAL, ERIEEETLIEY T, 72

BO% "-*Bﬂf%é&)%”@ﬂﬁ 2 IR
SND, FERFREREITHEELLTE
RIS - T&%%éﬂéﬁe% , BREEED

Dip <, %*ﬁﬁ%ﬁw%wkmﬁb,t
BHEZFIEEI LTV, —FT, EPlo
FEJSHEDR 72T U, 72 & 2 ZF D EHER
LI REH, ZEICEEINTZE L THH
%ﬁ%@:?ﬂm¢iﬁ<ﬁé.%ot
ST RC PR RS & [FRR I B B IR B AT 14
X, AEMOREEEATAEELRERNT
HY, MEOT —F BMAEDOE RS
HFHECAWD Z & T, FEEDH D HE



MM E ERTE S, £ T MEC fE,

ROS 7 —4%, B L OKRBIRBITEDZILE
MIZBWT, NFEEY X7 % b B TA=
TIVTL, FOM—ENAATEREHL
THEMEY R 7 Ml AV, UV/ROS 7
— &1 L ORI E 02 TIZEB W T
YAZAaTH 4 L@V EZR L FP
R OEWVIEEEY A7 2 H T 5 EHEREIT
5. £, mWltkictExa s L7z TF
(total score: 10) 3 X UNZFF/MHR~DHRD T
BWIRFE AR L7 PP (total score: 11) %
T, BOEENEY R ERTH EHET
% 5. Total score 7% 89 L 7x-7 PC,
MQ, PM, BL O TD X ER L O
/AR ~DBREE BN FREEE D R LL &
20, EEYRAIDENTEELI RN E
WETEDH., CP IIMRISERE NS DD
(VA7 27 6) i CRE/R~DRE
ENELS (YAZ 227 1), Z20kEHD
A7 LRV & HER T E S (total
score: 7). T bHbDAaT ) o FicESE
PTZs DY X7 Om S ZIBALST L
7=t FP>PP>TF>PC>MQ=PM=TD >
CP. 7 v b invivo XEMHERBOMEENL,
PTZs ©Z v MIx$ 2 EEmEDRSITIX
Z S L BEEME N H D Z A B
& 72 o 7=t fluorinated PTZs>chlorinated
PTZs>non-halogenated PTZs. ZAZ1R.I1T,
decision matrix 2> HHEH L 72 eE MY A
7 & RIS L, RIFRICBITS
BTN R O BAF 2 FRIRERE 2 R L
72. —H3T, CP 2B\, Pl
U 27 EHEERBRORSR & 0K 2Tkt
2RO, Tihhbb, AHERTIE CP DX
BV A7 TRITERNZ & 2R LT,

CP 07w EIZ W TIEERAE &

OERMICHAL SN TR Y, EEIZAK
BFEEIZRT 5 in vivo eEHERRICE VLT
b EEEFE LTS, RO
B En CP IXHEESIC,

cytochrome P450 (CYP) 1A2 B LY CYP
3A4 12 X 5 MNdemethylation X° CYP
2D6 T & % T-hydroxylation # % 7,

desmethylchlorpromazine 72 &R &
NHZERBHOLNERS TS,

Desmethylchlorpromazine ¥ X O
didesmethylchlorpromazine (£ CP X Y
HHFENRFRNT ENRG0oTND. fiEo
T, TNOLOHENDL, EENICBIT S
EERHMOREED CP ONFMEY X7 F
BIZBWTEBAEELE—KRTHD LHEE
TH. LhLens, BFECkiTs CP &
INHREPOLFITHAL A THRLS, &
LDROIEELEVNELTOIRTHDLIEASD.

¥/, MOFREMEL LT, CP DRERIZIIT
LDREENPMOIEY &L TEZ N En
b, BHED CP IZBWTOANEENR
B9 2 mEetEse, AEFNIZEIT 5 CP o
BERISIZ L > T, MWEEEE AT L4
BB ECTFREELH D124 9. A
RPBIEY DO HIZE B LTcF iR T 508
Iz, FRIBEOERTZRW-bDEEZ,
EREEOEV LM Z Efd 5729
W EBERHY OB L OEYE R
HRHEZ BB LCFHIR 2 S L Tk
ERbHDHEEZD.

2

b

E.

MR EMEDEWERM T EHHT DI,
EIMBARICI T 2 LM~ E.O
HEEE-S TV IEA S . RFFEICB W T
ROS assay % s & U7z b 2005 AT



Y=L EERL, IHIEKFELE
cassette-dosing k& AVVZ R, IR~DRBIT
YERFAE DAL A G FIZ LY PTZs @ in
vivo JtZ ez, —HOBIMMIH D DD,
BHEREGDO BAFICTRICTE 2. EE T
Hil H R b EENFE 2 LT L, 3Rs
(refinement, reduction, replacement) -~ & #k
ERODIEENERE->TEY, AFEICE
WOTHLIICHE R L 72 R 2 MR I,
reduction & replacement DN & Z DR
WSR2 DT ENHEETHA D . KFEMHAD
DA S 2 18 FTREME D RREE 7R
E, MEIHD OO, KFFRICEV TR
% L7- decision matrix approach (Z{5#EMED
& DN EMEFHE, 72 b ICHIEOBIHIZ
BB E Db D EHRFFT 5.
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SR R, mEEER BEEEE, GEE
A, LEEA EA®B— BELHE, W
H &8 . ROS assay ZH.LEL7-FBHE M
FED in vitro Y22 EMERHE. B AE)
WMEBRRBIEES % 26 BRE (L
) EEE, p. 132, 20134E12H19-21
H

Ky, mgEf, ELEHE, IUH
B CEMEIVAITMOILD D
fluorescent reactive oxygen species assay
(fROS assay) BA%. H AZY EBRAZE
S B 26 HRE () EEE,
p. 134, 20134F12H19-21H

mEER, K B WE, WH
F% 1 : Enzymatic reactive oxygen species
assay (eROS assay) DBA%S DL
BETREZBHELT. A ERRE
EEE 8 26 BIRE (R#) EEE,
p. 135, 2013%12H19-21H
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ICH Harmonised Tripartite Guideline

Having reached Step 4 of the ICH Process at the ICH Steering Committee meeting on 13
November 2013 this guideline is recommended for adoption to the three regulatory
parties to ICH.
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1. INTRODUCTION
1.1. Objectives of the Guideline

The purpose of this document is to recommend international standards for photosafety
assessment, and to harmonise such assessments supporting human clinical trials and
marketing authorizations for pharmaceuticals. It includes factors for initiation of and
triggers for additional photosafety assessment and should be read in conjunction with
ICH M3(R2), Section 14 on Photosafety Testing (Ref. 1). This guideline should reduce
the likelihood that substantial differences in recommendations for photosafety
assessment will exist among regions.

This guideline is divided into several sections. Section 2 discusses factors to consider in
any evaluation of photosafety. Section 3 describes existing nonclinical photosafety tests,
but this section does not describe specific testing strategies. Section 4 mentions clinical
photosafety assessment. Section 5 provides strategies for determining how to assess
photosafety for drugs given by routes intended to produce systemic exposure or by the
dermal route using the considerations and tests described in Sections 2, 3 and 4.

Consideration should be given to the use of non-animal methods or clinical data for
photosafety assessment which could reduce the use of animals in accordance with the 3R
(Replacement/Reduction/Refinement) principles.

1.2. Background

The ICH M3(R2) Guideline provides certain information regarding timing of the
photosafety assessment relative to clinical development. It recommends that an initial
assessment of phototoxicity potential be conducted, and if appropriate, an experimental
evaluation be undertaken before exposure of large numbers of subjects (Phase 3).
Similarly, the ICH S9 Guideline (Ref. 2) describes the timing of photosafety testing for
oncology products. However, neither ICH MS3(R2) nor ICH S9 provides specific
information regarding testing strategies. This ICH S10 Guideline outlines further
details on when photosafety testing is warranted, and on possible assessment strategies.

1.3. Scope of the Guideline

This guideline generally applies to new Active Pharmaceutical Ingredients (APIs), new
excipients clinical formulations for dermal application (including dermal patches), and
photodynamic therapy products.

Specific guidance for pharmaceuticals given via ocular routes is not provided because the
reliability of 7n vitro approaches in predicting ocular phototoxicity is unknown and there
are no standardised in wivo approaches for assessing phototoxicity for products
administered via the ocular routes (see Note 1).

Photodynamic therapy drugs are developed with photochemical reactivity as an inherent
aspect of their intended pharmacology and additional assessment of their phototoxicity is
not usually warranted. However, an evaluation of the toxicokinetics and tissue
distribution of photodynamic therapy drugs is warranted to enable appropriate risk
management in patients.

This guideline does not generally apply to peptides, proteins, antibody drug conjugates, or
oligonucleotides. Further, this guideline does not apply to components of marketed
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products unless there is a new cause for concern for either the API or an excipient (e.g., a
reformulation from a tablet to a topical cream).

1.4. General Principles

The photosafety assessment of a pharmaceutical is an integrated process that can involve
an evaluation of photochemical characteristics, data from nonclinical studies and human
safety information. The photosafety assessment aims to determine whether risk
minimization measures are warranted to prevent adverse events in humans.

Four different effects have been discussed in connection with photosafety testing:
phototoxicity, photoallergy, photogenotoxicity and photocarcinogenicity. Testing for
photogenotoxicity (Note 2) and photocarcinogenicity (Note 6 of ICH M3 (R2)) is not
currently considered useful for human pharmaceuticals. This guideline addresses only
phototoxicity and photoallergy effects as defined below:

e Phototoxicity (photoirritation): An acute light-induced tissue response to a
photoreactive chemical.

e Photoallergy: An immunologically mediated reaction to a chemical, initiated by
the formation of photoproducts (e.g., protein adducts) following a photochemical
reaction.

Photosensitization is a general term occasionally used to describe all light-induced tissue
reactions. However, in order to clearly distinguish between photoallergy and
phototoxicity, the term photosensitization is not used in this guideline.

For a chemical to demonstrate phototoxicity and/or photoallergy, the following
characteristics are critical:

o Absorbs light within the range of natural sunlight (290-700 nm);
¢ (Generates a reactive species following absorption of UV-visible light;
e Distributes sufficiently to light-exposed tissues (e.g., skin, eye).

If one or more of these conditions is not met, a compound will usually not present a
concern for direct phototoxicity. However, increased sensitivity of skin to light can also
occur through indirect mechanisms. Such mechanisms are not generally addressed by
the testing outlined in this guideline (see also Section 2.4).

2. FACTORS TO CONSIDER IN THE PHOTOSAFETY EVALUATION

2.1. Photochemical Properties

The initial consideration for assessment of photoreactive potential is whether a compound
absorbs photons at any wavelength between 290 and 700 nm. A compound that does not
have a Molar Extinction Coefficient (MEC) greater than 1000 L mol! cm at any
wavelength between 290 and 700 nm (Ref 3) is not considered to be sufficiently
photoreactive to result in direct phototoxicity (see Note 3 for further details).

Excitation of molecules by light can lead to generation of Reactive Oxygen Species (ROS),
including superoxide anion and singlet oxygen via energy transfer mechanisms.
Although photoreactivity can result in other molecular outcomes (e.g., formation of
photoadducts or cytotoxic photoproducts), even in these cases, it appears that ROS are
typically generated as well. Thus, ROS generation following irradiation with UV-visible
light can be an indicator of phototoxicity potential.

Photostability testing (Ref. 4) can also suggest the potential for photoreactivity.

However, not all photoreactive compounds are detected under these conditions, and
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photodegradation per se does not imply that a drug will be phototoxic. Therefore,
photostability testing alone should not be used to determine whether further photosafety
evaluation is warranted.

Assessments of photochemical properties should be conducted wusing high-quality
scientific standards with data collection records readily available, or in compliance with
Good Laboratory Practices/Good Manufacturing Practices (GLP/GMP) regulations.

2.2. Tissue Distribution/Pharmacokinetics

The concentration of a photoreactive chemical in tissue at the time of light exposure is a
very important pharmacokinetic parameter in determining whether a phototoxic reaction
will occur. This concentration depends on a variety of factors, such as plasma
concentration, perfusion of the tissue, partitioning from vascular to interstitial and
cellular compartments, and binding, retention, and accumulation of the chemical in the
tissue. The duration of exposure depends upon clearance rates as reflected by half lives
in plasma and tissue. Collectively, these parameters define the mean residence time of
the photoreactive chemical in tissue.

Binding, retention, or accumulation of a compound in a tissue is not critical for a
phototoxic reaction. If a molecule is sufficiently photoreactive, it might produce a
phototoxic reaction at the concentration achieved in plasma or interstitial fluid.
However, compounds having longer half-lives in plasma, longer mean residence time in
sun-exposed tissues or with higher tissue to plasma concentration ratios are more likely
to produce a phototoxic reaction than compounds with shorter half-lives, residence times
or lower tissue to plasma ratios. Further, the longer the concentration of a compound is
maintained at a level above that critical for a photochemical reaction, the longer a person
is at risk for phototoxicity.

Although a tissue concentration threshold below which the risk for phototoxic reactions
would be negligible is scientifically plausible, there are currently no data to delineate
such generic thresholds for all compounds. Nevertheless, on a case-by-case basis it can
be possible to justify that further photosafety assessment is not warranted based upon
actual or anticipated tissue drug levels in humans, and taking into consideration the
factors discussed above. Examples could include: 1) a drug for which overall systemic
exposure levels are very low, or 2) a drug with a very short plasma half-life or tissue
residence.

Compound binding to tissue components (e.g., melanin, keratin) is one mechanism by
which tissue retention and/or accumulation can occur. Although melanin binding can
increase tissue levels, experience with melanin binding drugs suggests such binding alone
does not present a photosafety concern.

A single-dose tissue distribution study, with animals assessed at multiple timepoints
after dosing, will generally provide an adequate assessment of relative tissue to plasma
concentration ratios, tissue residence time and the potential for retention and
accumulation. Assessment time points should be appropriately spaced in such a study to
account for the drug half-life.

Compounds activated by visible light and exhibiting long elimination half-lives in
internal tissues have been demonstrated to cause injury to those tissues if exposed to
intense light during medical procedures. Consequently, for those compounds activated
by visible light with potent in vivo phototoxicity or known to be phototoxic based on their
mechanism of action, such as photodynamic therapy drugs, distribution to internal
tissues should be measured and tissue-specific half-lives estimated. Drugs that only
absorb UV light or have short tissue elimination half-lives are not likely to present a risk
to internal tissues even if they are known to be photoreactive.
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2.3. Metabolite Considerations

Metabolites generally do not warrant separate photosafety assessments, as metabolism
does not typically result in chromophores that are substantially different from those in
the parent molecule.

2.4. Pharmacological Properties

In many cases, drug-induced phototoxicity is due to the chemical structure and not to the
pharmacology. However, certain pharmacologic properties (e.g., immunosuppression,
perturbation of heme homeostasis) can enhance susceptibility to light-induced effects,
such as skin irritation or UV-induced skin tumor formation. The testing strategies
outlined in this document are not designed to detect these types of indirect mechanisms.
Some of these indirect mechanisms can be identified and evaluated in other nonclinical
pharmacology/toxicity testing; however, phototoxicity related to other indirect
mechanisms might only become apparent with human experience.

3.  NONCLINICAL PHOTOSAFETY TESTS

3.1. General Considerations

Carefully selected conditions that consider both the model system and exposure to a
relevant radiation spectrum are critical for nonclinical photosafety testing. Ideally, a
nonclinical assay should exhibit both high sensitivity and specificity (ie., low false
negative and low false positive rates). However, to support the assessment strategies
described in this document, it is most important that nonclinical photosafety assays show
high sensitivity resulting in a low frequency of false negatives (ie., a high negative
predictive value). This is because negative assay results usually do not warrant further
photosafety evaluation. The available nonclinical assays, both in vitro and in vivo, are
focused primarily on detecting potential phototoxicity, which might or might not translate
into clinically relevant phototoxicity.

Selection of irradiation conditions is critical for both in vitro and in vivo assays. Natural
sunlight represents the broadest range of light exposure that humans might be exposed to
regularly. However, sunlight per se is not well defined and depends on many factors,
such as latitude, altitude, season, time of day, and weather. In addition, sensitivity of
human skin to natural sunlight depends on a number of individual factors (e.g., skin type,
anatomical site and tanning status). Standardized sunlight exposure conditions have
been defined by various organizations. Such standards (e.g., Ref. 5) should be
considered in order to assess suitability of a sunlight simulator light source, and
irradiance and irradiation dose should be normalized based on the UVA part of the
applied spectrum. UVA doses ranging from 5 to 20 J/cm? are successfully used in
current in vitro and In vivo phototoxicity assays. These UVA doses are comparable to
those obtained during prolonged outdoor activities on summer days around noon time, in
temperate zones, and at sea level. In humans, sunburn reactions caused by UVB
normally limit total sunlight exposure. In nonclinical phototoxicity assays, however, the
amount of UVB should not limit the overall irradiation and might be attenuated
(partially filtered) so that relevant UVA doses can be tested without reducing assay
sensitivity. Penetration of UVB light into human skin is mainly limited to the
epidermis, while UVA can reach capillary blood. Therefore, clinical relevance of
photochemical activation by UVB is considered less important than activation by UVA for
systemic drugs. However, UVB irradiation is relevant for topical formulations applied to
light-exposed tissues.
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The selection and monitoring of appropriate light sources (spectral distribution,
irradiance, and dose) and the procedures used should be clearly described in the study
methodology (e.g., Ref. 6).

3.2. Photoreactivity Tests Using Chemical Assays

If a drug developer chooses to assess photoreactivity, the assay should be qualified using
pharmaceutical agents under appropriate conditions to demonstrate assay sensitivity.
One such assay is a ROS assay (e.g., Ref. 7). Data suggest that this assay has high
sensitivity for predicting direct in vivo phototoxicants. However, it has a low specificity,
generating a high percentage of false positive results. A negative result in this assay,
conducted under the appropriate conditions, would indicate a very low probability of
phototoxicity, provided a test concentration of 200 pM can be achieved, whereas a positive
result (at any concentration) would only be a flag for follow-up assessment.

3.3. Phototoxicity Tests Using in vitro Assays

A number of in vitro assays have been developed for assessing the phototoxicity potential
of chemicals. Some of these assays have not been qualified for use with
pharmaceuticals. Some assays involve testing compounds that are dissolved in the
culture medium, and such methods are often appropriate for the active ingredient or
excipients in drug products, depending on their solubility. Other assays involve direct
application to the surface of a tissue preparation and can be appropriate for testing entire
formulations intended to be administered topically.

The most widely used in vitro assay for phototoxicity is the 3T3 Neutral Red Uptake
Phototoxicity Test (3T3 NRU-PT) for which an Organisation for Economic Co-operation
and Development (OECD) guideline (Ref. 6) is available. This is currently considered
the most appropriate in vitro screen for soluble compounds.

Although the formal European Centre for the Validation of Alternative Methods
(ECVAM) validation exercise conducted on this assay indicated a sensitivity of 93% and a
specificity of 84%, experience within the pharmaceutical industry suggests a much lower
specificity. The original OECD protocol was not validated for pharmaceuticals
specifically. Thus, some modifications to the original OECD protocol have been proposed
to address the low specificity observed with drug substances (see Note 4). These
proposed changes are appropriate for the testing of pharmaceuticals. The sensitivity of
the 3T3 NRU-PT is high and if a compound is negative in this assay it would have a very
low probability of being phototoxic in humans. However, a positive result in the 3T3
NRU-PT should not be regarded as indicative of a likely clinical phototoxic risk, but
rather a flag for follow-up assessment.

The BALB/c 3T3 cell line is sensitive to UVB and the initially recommended irradiation
conditions (Ref. 6) involve the use of filters to attenuate wavelengths below 320 nm.
However, depending on the light source and filters used, the ratio of UVB to UVA can be
adjusted such that it is possible to assess UVB-induced phototoxicity in this test.
UVB-induced phototoxicity is rarely a problem for pharmaceuticals with systemic
exposure since UVB minimally penetrates beyond the epidermis. However,
UVB-induced phototoxicity is more relevant for topical products. For components of
topically applied products that absorb predominately in the UVB range, and where in
vitro assessment is desired, the use of the 3T3 NRU-PT with modified irradiation
conditions (see above) can be considered. Alternatively, in vitro skin models, which
better tolerate UVB, could be considered.

Reconstructed human skin models, with the presence of a stratum corneum, permit
testing of various types of topically applied materials ranging from neat chemiecals to final
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clinical formulations. The assays developed with reconstructed human skin to date
measure cell viability with and without irradiation. These assays appear to be capable
of detecting known human acute dermal phototoxicants. However, the sensitivity of
some assays can be less than that of human skin in vivo, wherein the lowest
concentration eliciting a positive response can be higher than in human skin in vive.
Consequently, it is important to understand the sensitivity of any assay selected and, if
appropriate and feasible, to adjust the assay conditions accordingly (e.g., testing higher
strength formulations, increasing exposure time).

There are no 1n vitro models that specifically assess ocular phototoxicity, regardless of the
route of administration. While negative results in the 3T3 NRU-PT or a reconstructed
human skin assay might suggest a low risk, the predictive value of these assays for ocular
phototoxicity is unknown.

3.4. Photosafety Tests Using in vivo Assays and Systemic Administration

Phototoxicity testing for systemically administered compounds has been conducted in a
variety of species, including guinea pig, mouse, and rat. No standardized study design
has been established and thus the following factors might be considered as best practices.

For species selection, irradiation sensitivity (i.e., minimal erythema dose), heat tolerance,
and performance of reference substances should be considered. Models with both
pigmented and non-pigmented animals are available. Although non-pigmented skin
tends to be more sensitive than pigmented skin for detecting phototoxicity, pigmented
skin should be considered for APIs that bind significantly to melanin (see Section 2.2) if
appropriate exposures in target tissues cannot be ensured otherwise.

If an zn vivo phototoxicity study is conducted, it is desirable to have some information
about the pharmacokinetic profile of the compound before designing the study. This is to
ensure that irradiation of the animals is conducted at the approximate Tmax and to assist
in the selection of an appropriate study duration in relation to the intended clinical
exposure. Relevant pharmacokinetic data, if not already available, should be collected
as part of the in vivo phototoxicity study.

Although phototoxicity is typically an acute reaction, the duration of an in vivo assay
should be carefully considered. Accumulation of compound in relevant light-exposed
tissues after repeated administration might lead to an increased phototoxic response.
Similarly, repeated irradiation after each dose might also lead to an increased phototoxic
response due to the accumulation of damage. Generally, studies of a single day or up to
a few days’ duration of dosing are appropriate, using the clinical route of administration,
if feasible. Single or repeated daily irradiations after dosing (around Tmay) can be used.

Dose selection for in wvivo nonclinical phototoxicity testing of systemic drugs should
support a meaningful human risk assessment. For such studies a maximum dose level
that complies with the recommendations for general toxicity studies in ICH M3(R2)
Section 1.5 is considered appropriate. If a negative result is obtained at the maximum
dose, testing of lower doses 1s usually not warranted. However, if a positive result is
anticipated, additional dose groups can support a NOAEL-based risk assessment,
typically considering Cmax comparisons. Vehicle and non-irradiated controls can help
identify compound-related phototoxicity and distinguish irradiation-induced from
non-irradiation-induced adverse reactions. If the maximum systemic exposure achieved
in animals is lower than clinical exposure, the reliability of a negative result in predicting
human risk is questionable.

The most sensitive early signs of compound-induced phototoxicity are usually erythema
followed by edema at a normally sub-erythemogenic irradiation dose. The type of
response might vary with the compound. Any identified phototoxicity reaction should be
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evaluated regarding dose and time dependency and, if possible, the No Observed Adverse
Effect Level NOAEL) should be established. The hazard identification might be further
supported by additional endpoints (e.g., early inflammatory markers in skin or lymph
node reactions indicative of acute irritation).

If a phototoxicity study is conducted in animals for a systemic drug that absorbs light
above 400 nm, phototoxicity of the retina should be assessed using a detailed
histopathological evaluation. For compounds that only absorb light below 400 nm,
retinal assessment is usually not warranted because such wavelengths do not reach the
retina of the adult human eye due to limited penetration of the cornea, lens and vitreous

body.

Adequate performance of in vivo phototoxicity assays, which are not formally validated,
should be demonstrated using suitable reference compounds, including pharmaceuticals.
Compounds that are phototoxic in humans and that represent different chemical classes
and mechanisms of phototoxicity should be included to establish adequacy of the assays.
For retinal phototoxicity, a reference compound with a light absorption profile within the
visible light range (i.e., above 400 nm) is recommended. The concurrent use of a positive
control compound might not be warranted if an in vivo assay has been formally validated
or has reached general acceptance and is established in the testing facility.

Testing for photoallergy is not recommended for compounds that are administered
systemically. Photoallergy reactions in humans following systemic administration are
rare and there are no established nonclinical photoallergy assays for systemically
administered compounds.

3.5. Photosafety Tests Using in vivo Assays and Dermal Administration

The main recommendations provided for investigating the systemic route of
administration also apply to dermal administration, including those for species selection,
study duration, and irradiation conditions. For dermal drug products in general, the
clinical formulation should be tested. The intended clinical conditions of administration
should be used to the extent possible. Irradiation of the exposed area should take place
at a specified time after application, and the interval between application and irradiation
should be justified based on the specific properties of the formulation to be tested. Signs
of phototoxicity should be assessed based on relevant endpoints (see Section 3.4). The
sensitivity of the assay should be demonstrated using appropriate reference compounds.
Assessment of systemic drug levels is generally not warranted in dermal phototoxicity
studies.

For dermal drug products, contact photoallergy has often been assessed in a nonclinical
study along with acute phototoxicity (photoirritation). However, no formal validation of
such assays has been performed. While the acute photoirritation observed in these
studies is considered relevant to humans, the predictivity of these studies for human
photoallergy is unknown. For regulatory purposes, such nonclinical photoallergy testing
is generally not recommended.

4. CLINICAL PHOTOSAFETY ASSESSMENT

There are various options for collecting human data, if warranted, ranging from standard
reporting of adverse events in clinical studies to a dedicated clinical photosafety trial.
The precise strategy is determined on a case-by-case basis.

5. ASSESSMENT STRATEGIES

The choice of the photosafety assessment strategy is up to the drug developer. ICH
M3(R2) suggests that an initial assessment of the phototoxicity potential based on



