Preclinical to Clinical

o A preclinical NOAEL, if identified, will not
quantitatively inform the human
phototoxicity.

= NOAEL for the preclinical phototoxicity may not
predict human NOAEL

» Sensitivity is greater in preclinical assays

o A human phototoxicity study is more
definitive than preclinical study.

Lot 7
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Study Hypotheses

Primary: A single dose of XXXX, will be well tolerated and
not result in a meaningful erythema following co-
adEmDis)wisiraiion of controlled UV (16 J/cm2 of UVA + % of
M

o Secondary #1: A single dose of XXXX will not result in a
meaningful change in phototoxicity index (as determined by
MEDgasei e/ MEDagyy postoose) ratio of 1.8 or greater as
compared to placebo

e}

Secondary #2: A single dose of XXXX will not resultin a
meaningful erytherma following co-administration of
controlied UVA (25 Jiem2 of UVA)
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Erythema

Erythema grading can be determined following
a fixed dose of UVA

Erythema following ~25 1/cm2 of UVA without
UVB is one of the original methods established
to induce erythema in humans

© Modification of the Kaibrey procedure [2] has
been employed to evaluate erythema following
a fixed dose of UVA (~16 J/cm2) with V2 of
MED of UVA+UVB, especially if the product is
know to absorb light in the UVB range

Anderson JC. Cliical testing for safety and Effecivenass. in:

Enuironment
neooes_ F. Esrn, James M. Akerson. PA01-315, 2000, iforma Heail Care
REINTY i
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Human Phototoxicity Study for Oral
Drugs

General Study Concept

Healthy subjects exposed to drug and irradiated with
controlled UV light when drug is distributed.

o Phototoxicity Endpoints
= The erythema and edema grading table
o At 16 J/cm2 (UVA) + Y2 (baseline) MED (UVA+UVB)
o At 25 J/cm2 (UVA)
= Changes in MED from baseline compared to placebo
& MEDgase e / MEDs4n postoose (Phototoxicity Index)

6/13/2011 R S oo 8

Study Design (example)

A double blind, randomized, placebo-controlled, single
dose study
< 16 healthy subjects
< 12 patients randomized to receive active MK-XXXX
< 4 to receive MK-XXXX matching placebo
« Predose UV irradiation
o MED Determination
= A single oral dose
o MK-XXXX Y mg or matching placebo
+ Post dose UV irradiation
@ 16 J/cm2 + 1/2MED at Tmax
o 25 J/cm2 at Tmax
< MED Determination at Tmax
+ Erythema at 24 hours post UV dose

6/13/2011

Standardized Methods for
Phototoxicity Testing

¢ Xenon Arc Solar Simulator (150W) with a UVB
absorbing filter

« Produce UVA only or UVA + UVB

Kiigman AM, Kaidbey KH. J Nati Cancer Inst. 1962 Jul:69(1):269-72
Kaidbey KH, Kligman AM. J Invest Dermatol. 1979 May;72(5):253-6
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Erythema Grading

The study site
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General Inclusion Criteria

o Healthy, males and females of non-
child bearing potential

o 18-65 years of age

o BMI <30 kg/m2

o Free of any dermatological disorder

o Uniformly-colored skin on the lower
thoracic area of the back which will
allow determination of erythema and
with Fitzpatrick Skin Types I, II, or III

o Demonstrated MED without
complication

nsevites
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Minimum Erythemal Dose (MED)
Determination

o The minimal single dose of UV exposure
required to produce erythema at an
exposed site

o The ratio of MED between baseline and
postdose (MEDgasei e / MED2an postoose)
can quantitatively assess the phototoxic
potential of drugs

+ This ratio is known as the Photoxicity
Index (PI)
« PI is wavelength-specific

6/13/2011 R o 14

Fitzpatrick Skin Types

ubjects were screened for skin type using the Fitzpatrick Grading system
%%lg? determined the UVA/UVB intensity to induce a faint erythema

ubjects must have Skin Type I, II, or III to qualify for the study

= =

v Burns minimaily, always tans well
{moderate brown)
v Rarely burns, tans very well (moderate
brown)
VI Never burns, deeply pigmented
6/13/2011 R Bttt 16

MED and Multiport

6/13/2011

MED and Multiport

Exposure fime =
48 seconds

UV Intensity
{MED/min)

0.
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Example 1 of a 6-Point MED
24 hrs post irradiation

MED identified with
minimal erythema

P
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UV-Induced Erythema Grading
(Baseline Reading)

1T W W

AT =
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Example:
Reaction fo a topical product

Erythema (++)
Edema (**)

6/13/2011
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Example: Irradiation at Site #1
16 J/em? of UVA + % of MED

6/13/2011

Example: Erythema at a skin site

ngeiea
R s 2
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How Results are Described

6/13/2011
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Grade 1 Ertythema Frequency at 24
hours postdose

Grade 1 Erythema Following 16 Jicm2 + %2 MED
Day 1 (100mg/PBO) __Day 8 (200 mg/PBO)
0% (0/4) 0%(0/4)
25% (3/12) 8% (1/12)

Predose Baseline
PBO 25% (1/4)
MK-XXXX 8% (1/12)

Grade 1 Erythema Following 25 J/cm2
Day 1 (100mg/PBO)

Predose Baseline

Day 8 (200 mg/PBO))

PBO 25% (1/4) 0% (0/4) 25% (1/4)
MK-XXXX 17% (2112) 33% (412) 27% (311)

Note: this study was a two dose study

6/13/2011

Phototoxicity Index

Pt on Prestudy, Placebo, Dayt and Day8 (Mean-+/~SE)

P
ot

T T
Prestudy Placeho 160 200
Dose(mg)

4 & A PrPhootoxotyInder
D1 of 100 PEaf Paceha s 132301 200502 P of Pl is 1 9378
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Human Phototoxicity Study for Topicals

o Topicals are tested using “patches”

o 2 x 2 cm bandaid-like patches
containing topical agents will be
applied to the skin of healthy
subjects.

o Irradiation at 24 hours postdose

o Endpoints
» Erythema following 161/cm? (UVA) + 2
of MED (UVA+UVB)

6/13/2011
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Changes in MED

MED on Prestudy, Placebo, Dayl and Day8 (Mean+/~SE)

P
27 ‘
%
2
o ‘
=2
22
o
20
18- l
i T T
Prestudy Phacebo 100 200
Dose (mg)
o
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Conclusions
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o No meaningful phototoxicty at xx mg
dose
o Ertythema at 16 J/cm2 + Y2 MED
= No meaningful signal.
= No erythema greater than grade 1 at similar
frequency between MK and PBO groups
o Phototoxicity Index
= No meaningful change
o Erythema at 25 3/cm2
+ No meaningful signal.

» No erythema greater than grade 1 at similar
frequency between MK and PBO groups

W ®
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{—“or Topicals

A: Drug-Treated Patch with irradiation

B: Drug-treated Patch without trradiation
C: Vehicle-Treated Patch with irradiation
D: Vehicle-treated Patch without Irradiation
Optionally

E: Plain or no patch with irradiation

F: Plain or no patch without irradiation

N=25
. Irradiation: 16J + ¥2 MED
Subject's back

(MED needs to be pre-determined)

ROW—..; 30




Flow Chart (Abbreviated)

Day 1 Day 2 Day 3 Day 4
MED Sites Predrug Postdrug
(6 sites) MED MED re-
determined | determined
Phototox Drug or 16] + Erythema Erythema
Sites Vehicle 1/2MED Evaluation Evaluation
(Patches) Patches on | Irradiated or
not
Irradiated

6/13/2011
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Limitations of Human Phototoxicity
Study Methodology

o The N of subjects required to detect
phototoxicity not fully rationalized.

= Power the study to observe the upper bound of
Photo Index < 1.8 vs. other cutoffs,

= Statistical confidence for a particular AE not
observed in X subjects

o Selection of UV exposures varied in
literature

6/13/2011

= 16] + 2 MED mimics mild sun light
= Various UV exposures tested
o MED is wave-length-dependent
o UVA only, UVA + UVB, UVA+UVB for MED

sorices
R it 33
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How to interpret preclinical vs. phase |
phototoxicity data

6/13/2011

o Preclinical phototoxicity studies are good
for screening

o Preclinical NOEL, even if identified, may
not quantitatively inform human
phototoxicity

o Established methods for human
phototoxicity testing can identify human
risks

o A discrepancy may exist in phototoxicity
between preclinial spiecies and humans.

= e.g. skin thickness, metabolism?

e

32

Risk Mitigation

Preclinically

Early Development

Late Development

As:

Physical and
Chemical

Phase | Human
Phototoxicity

sessment Testing

In vitro assessment

Invive
Phototoxicity Study
in Rodents
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The reason is that this testing has not been requested
by Sponsors up to this time. | have discussed this with
several sponsors over the years, but from other
discussions with regulatory people, the testing for
instilled drugs has not been requested by the agencies.
Often these drugs are already approved for other uses
(e.g., steroids or antibiotics) and have gone through
relevant safety testing, and those data are used in
submissions.” Also, the residence time in the eye after
instillation is short, and the current position is that the
potential for phototoxicity is adjudged not a risk and
thus testing is not required (or so I'have been informed).
We have also been rarely approached for testing
intravitreal administered drugs, but none of these
inquiries have come to fruition. We have the capabilities
and expertise to perform the studies, but have not done
so at this time for these reasons. We have performed
many ocular phototoxicity studies in rats and mice and
using multiple UVR and visible light sources over the

years but with oral and intravenous administration. 3

ROS7vtA/\)TF— 3> DES

CPS/CPS+ (Atlas)

Z..~b &
SXL-2500V2 (Seric)

#H 5

AR A B ATAIDin vivoSt T £ 14 ET

FERICETHREIZONT
PEANSSTIEUYEIcN TS 7+0—TFyTel
THEBSZEBETORUARBIEE R in vivodt
REMHBRICEILIRREHAE
B R EA D~ DOBEEY (KR, BL7
Lav BXR) EREL
5 IR DRBEEF(CNETRY,
%Eli%%" l/t@%—/\ 5“-?%&_%’;%}41,;(\ MPI®D)
SHEsRKUEIZEHY, VT BTG, )

SR TRy
iz G5 - THIWL
LI :
FDA:T2.5 Clinical Information: “The precise
strategy is determined on a case-by-case )
basis” IZDRAVATORENEZBND,

Review models for which UVA dose is
less than 5 j/cm2 to understand rationale

BB 2 BRI HERR,

HEE%No. 5 (Approximately 2.16 J/lcm2) : ~N7L

ﬁ_‘g%&’(‘LVFXO)j‘&%’I&h‘#ﬁHﬂ TELRERHL
BRE

MEENo. 7(2.6 Jlcm2): NPLAYIRADKE

RIGHBETELR =, Vb THE-MOP

lomefloxacinld &It 3 5 &4

No.5[ZCRLEHETERE Lt:ﬁ%g‘)%ﬁ#’éé*i?&ﬁﬁ

L1588, No. 7IXCRLEFZRER DR,
DRSS ELTALL DM EREATEB DS
AL EMEEL TRRSN TS,
SBMAEDBEEG?

1. NYF—LaBERES

A

H 201146 A29H (k) 13:00~17:00

HEE NUTFT—LavEEERRER

L EMEESE

HEF: 2011464 308 (£)11:00~17:00

HEE T A BEERAEA SRR LCANN
ETE

o]
2
il
[ee]
m
©
m
&
Ny

|
\"
i)
v
R
i
i
il
i1
73
E
¥
s




201106298 |

Structure of ROS assay validation

Solar

simulator CPS/CPS+ (Atlas) SXL-2500V2 (Setic)
No. of
facilities 8 4
' Countermeasures against “high
Procedure established (Dr | (000 os e ang un-uniformity
Onoue), Pre-validation was |~ y MR
Status in intensity during irradiation’
?g_@g:ﬁ:ﬁ&? \r,e;tspr?;ocaonle g | were established. Resulits for
prep pre-validation was obtained.
Select compounds for
Next ste validation, Distribution Discuss pre-validation results,
P | under masked condition, Follow CPS team
Start experiment
Milestone | Obtain the results and discuss on them, Draft validation
for next ICH | report prepared, Proposal to ICH $10 EWG to include ROS
(November) | assay to the guideline
After the | Publish the results of validation study, Prepare a document
next ICH | for peer review for regulatory acceptance 7
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Phototoxicity Studies using Reconstructed
Human Tissue Models

Dr. Helena Kandéarova

MatTek IVLSL

MatTek Corporation
Bratislava, Slovak Republic

Ashland, USA

When to test drugs for photo-safety 7

1. if a drug signficantly absorbs UV/VIS light in the range 280-700 nm, and

2. if adrug significantly partitions into the skin or eyes when applied orally or

intravenously.
Other factors to be considered:
- Photo-stability
- Content of phototoxic impurities
- Vehicle/ solvent

- Use

Dr. Helena Kandarova

&H1

Outline

1. Background info about skin models and phototoxicity protocols

2. Summary of existing data for topical toxicity

3. Summary of existing data for systemic toxicity and update about the
EpiDerm protocol development

4. Follow ~ up activities

Dr. Helena Kandarava

Already in early 19980’s, 3D human skin model test (3D HPT) was suggested as
1) possible alternative to 3T3 NRU PT, or as

2) second step in a tier testing strategy for topically applied substances,
combining information from 3T3 NTU PT and 3D HPT.

Advantages of 3D skin models use:

= 3D models posses skin barrier similar to in vivo
human skin
= 3D skin models are constructed from metabolically

Stratum comeum

competent primary skin cells

= barrier properties and tissue quality can be
precisely controlled

= easy to use, no problems with limited solubility of

chemicals

Dr. Helena Kandarova

While the validated 3T3 NRU PT identifies phototoxic potential of substances

with almost 100% sensitivity, it may provide over-predictions of acute

phototoxic/photo-irritation effect, since it:

2 Can not simulate the in vivo conditions due to lack of barrier

=t does not to allow to assess the photo-potency (photosafety) of a
potential phototoxin under in vivo exposure conditions

= |tidentifies both photo-allergens and acute photo-toxines as positive

®  Some materiais like insoluble solids, waxy substances and formulations

difficult to test in monolayer culture

Dr. Helena Kandarova

in Viiro Phototoxicity Assay
for Topleally Administered Compounds

General Protocol

overview for all RHE models
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Set 1 (+UVIVIS): Irradiate with
full spectrum solar light

Test Atticle #10
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| Prediction Models:
! Decrease in vzaéaibty > 25-30% in any t>f !es‘(ed cencenkrancns = Phototoxm
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1998-1999: ECVAM sponsored pre-validation study of the EpiDerm Phototoxicity Test
Phase | - Data
Chemical Class Known |3T3 |Invitro
Invivo | NRUPT | EpiDerm
data data
Bergamot oil Fragrance/ Food additive | PT PT PT
. . - — - Dose: 50 uL/ 50 mg
Topical phototoxicity — overview Promethazine | Phenothiazine derivate | NPT |PT  |PT (or 20uLis solvent is oi)
: 5-MOP Psoralene compound i PY PT - Exposure overnight
of the protocols and experimental data - Inadiation, washing
Chiorpromazine | Phenothiazine derivate | PT 31 PT - Post-exposure overnight
- MTT viability test
8-MOP Psoralene compound PT PT PT - PMA30%
Anthracens component of coaltar | PT PT NPTPT
PABA UV-filter NPT NPT NPT Data published by: Lisbsch, M.,
Benzophenone-3 | UV-filter NPT NPT NPT Barrabas, C., Traue, D. &
Spielmann, H. (1897).
Methoxycinamate | UV-filter NPT NPT NPT Entwicklung sines nouen in vitro
Tests auf denmale
Mexoryl SX UV-filter NPT PT NPT it cinem Modll menschicher
Musk Ambrette | Fragrance Phao- | PT NPT ko, Eparm:
atiergen i (ALTEX) 14,
&MC Coumarine Phote- | PT NPT ee-174
allergene
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1998-1899: ECVAM sponsored pre-validation study of the EpiDerm Phototoxicity test —
Phase lli - Data 1998-1998: URILEVER study of the EpiDerm Phototoxicity test
mrewss  pyrs
chomical run  Beiersdort zebet
Chiorpromazine 1 ot ot ot
2 et pt Pt petomy o) [ty prpsermr SN Tel g omree
T Lo Oy W
Acridine 1 ot Bt pt W EYe N N
hydrochtorida 2 » » ot K : R e
FTY U prciens
Bergamot oif 1 ot w ot Tia 3 G I e
2 m o ot - Dose: 50 uUJ 50 SRR FU T e
Nouteal red 1 ot ot ot {or 20uL is solvent is oil) EETIET T TS T Mt - Dose: 50 pL/ 50
2 . - Exposure overnight {or 20uL is solvent is ml)
L o b - rradiation, washing TR R E < - Exposure overnight
Tetracyclina K npt pt ot - Post-exposure overnight - Irradiation, washing
freo base 2 npt npt Pt - MTT viabily test - Post-exposure overnight
- PMA30% R maert Sy Fers ~ MTT viabily test
Penicillin G 1 npt pt npt A houstanic - PMA30%
2 npt wt npt .
rem—— A " . . Lioba M. Trve TR Py
auri sulfate e al e D. Barrabas, C. Sprelmani. .. . e eyt P.KigA
sodium 2 npt npt npt Gemmck GE. Cruse, L., ambeck. Tamretuen B TSI b Lovel, W, Ead, L 1369;
r. U . d, T using 30
Octyl salicylate 1 npt npt npt Hdzhuuer HG, Brantom, £ Asoin, P Tpredinng ¢ R R R Niamenn Reconsirucied Human skin models fo
& Scuthoe, J. 13335 In Alemstvas to somal 1 Tosh
B13) 2 et et et Animal 70500.7(! Temedion BT FIR o Ry Procsedings of tho second
4-Methylbenzylidene 1 npt npt npt. secand intemational scientiic - P | i iceial.
conference organised by the European - crganised by the European Cosmelic
camphor (560) 2 Apt ot npt ‘Cosmetic ncustry Brussels ity ol Slgam . D
{ed. D Clark, S. Lisansky & R. isansky & R. ”mlun)‘w
Octl mathoxy- K et et et Macmian), pp. 160-155. Newsury, Sow . oL
cinnamate (528) 2 apt opt nt UK: CPL Pross
Jelens Kandarove Page 1 Dr. Helera Kansdarova agat2




2011: M8 Research validation study of the EpiDerm Phototoxicity Test

Minor modifications ~ dose increased to 100 pL.

18 Phototexins and 8 Non-phototoxing

. Criteria Criteria
PHOTOTOXINS PIF 23]236%; | NON.PHOTOTOXINS mv
|S-Aminotevulinic Acid - * i Benzalkonium chlotlde
5Methoxypsoralen ESN Y - Doce: 100 WL/ 100 ma
- - Exposure overnight

7-Methoxycoumarin + + - Iadiation. washing
B-Methoxypsoralen - * =~ P ovemight
Acridine - + [ Hexachlorophenie - CMTT w;b;isb, tost
| Amiodarone A *__IL-Histiding - - PMA30%

+ + __[Penicilin & b

* + \Sodium Dodecyl Sulfat -

5 ¥

> +

= ¥

= +

¥ + * Datapublished bi: L. F. Pratt; D, R,
Promethazing ¥ ¥ Carven, and G. L. DoGeorge (2011);
7 Skin Modal for

Cosmeic,

*. Device ty Tostir
TetraChlorSalicylAnilide + - {EPARS). MB Resaarch. Presonted.
Fetracycilng Y s at IVTIP COnference 2011
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1999/2000 - Phototoxicity studies with SkinEthic RHE model — Skin2 and EpiDerm
SOP applied on SkinEthic RHE

PM: Viability
Chemical Known Known in | In vitro SkinEthic
In vive vitro 373
data NRU PT
data
Penicilin G NPT NPT NPT
Histidine NPT NPT NPT
SLS NPT NPT NPT
BP-3 NPT NPT NPT - Dose: 50 4l 50 mg
PABA NPT NPT NPT - Exposure overnight
" - Irradiation
F PT PT PT - Post-exposure overnight
NR PT PT PT « MTT viability
Rose Bengal {PT PT PT Bt EC: B, . D i
mard, .
5-MOP PT PT PT Do Wovsr, B Fosdy Mo ooY:
Tetracycline | PT PT PT (2300) Development of a highty sensitive
cPzZ PT PT PT uomg the SﬂnEmlcTM mwbngmqed ,
Y
6-MC NPTIPT | NPTPT NPTPT ‘and Toxicology 18 (5). 391~400.
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2001 Phototoxicity studies with

RHE modei -

of atest

protocol, that closely correlates to 3T3 NRU PT predictions

PM: Multi Endpoint Analysis Approach (LDH release, IL-8, Hi

protein ination)

2002 Phototoxicity studies with Episkin model — identification and assessment of
N ial of .

weak

PM: Viability or IL-1 alpha

Chemical Known Known in In vitro
In vivo data | Vitro 3T3 NRU | SkinEthic
PT data
CcPZ PT PT PT
Ofloxacin PT PT PT
6-MC NPT to PT PT
weak PT
NPT NPT NPT
sDS NPT NPT NPT
- Dose: 100 L/ 100 mg
- Exposure th
. - Irradiation
‘mnmdo e —— - mAelesurle u'vsrn\gm
ituted opidermis Episki - MTT viabilty test
reconsiituted epidermis Episkin for S oy e

assoasmant of weak phototoxic-
potental of chemical compoiinds..
Photodermatol Photoimanuno] <
Pholomed 2002:.18; 96102
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Chemical Known {Knownin |In vitro SkinEthic

In vivo vitro 3T3

data NRU PT

data
8-MOP PT PT PT
e-Me C‘,::km T T - Dose: 10 pl/ 10 mg
hototoxi - Exposure overnight

phototoxic - rradiation
P ine | PT PT PT - Postexposure overight
Tetracydine | PT PT PT “MEA
SDS NPT NPT NPT Medina J, otal, (205%) ofth

PT PT PT Phatotoxic Patential of Compounds and

i inished Topical Products Using a Human
formuiations Rt L. Vi
{8-MOP and Molecular Toxicology Volume 14, Number
coal tar 3, 2001, Mary Ann Lisbert, Ing. .
based)
Dr, Helena Kandarova - page 15
2007 EPISKIN F Assay ~ of the wrrect prediction of
phototoxic hazard, Data sell d for topi applied
PM: Viability or IL-1 alpha
Chemical Known | Knownin In vitro EPISKIN
invivo | vitro 3T3
human | NRU PT data
Coumarine NPT NPT NPT
Penicilin G NPT NPT NPT - Dose: 100 pL/ 100 mg
L-Histidine NPT NPT NPT - lab:wre 2h
- Irradiation
SBS NPT NPT NPT - Post-exposure overnight
Tiaprofenicacid | PT PT PT = MTT viability test
Promethazine | PT PT PT “PMAZSR. L1
Bergamot oit PT PT PT
Chlorpromazine | PT BT PT
- Lolievre D., Justino P,

0P PT PT P Crisiagns 7. Baraventure .
5-MOP (53 T PT Coutat ., Marrat L., Cotovio J.
Ketoprofene PT AT FT (EPA). Davelopment of an in vitro'

Lelievre et al, 2007 {only data for topically applied
substances are displayed).

using 17 reference
chemicals to predict phototoxic
potency (2637). Toxicalogy in
Vitra 21 977-385
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Summary of available in vitro topical ity data produced with RHE models
PHOTOTOXIC CHEMICLAS
Chemical Chass Tnvive | ST3NRUPT | EpiDerms EPISKIN | SKinEthie
human ‘Standard prolocel | Lelievre: Bemard and
and M8 Research | prolocoi and | Madina protoct
protocot {7) Portes.
protocoi(’)
7| Promemazne Brug T o PR T TPt
2 |smop Brug ¥ 0 FreT [ Ty
3| Tetracycin (heebaze) | Drug. £ B GG
5| Bergamotoi ron punied) | Fragrance [ FrapT s
5| Chioromazine ) o Ea T
§ |smop oy T i T
7| Kelaprofene Orug T i e
8 Ofioxacine Orug. T 2T na.
9| Toproterc acd onug T BT na
70| Amaarons T T na
31| Aciine Hydrachionds | pracursor > .
72| Neutalfied Colowr 5T [
13 | Bithionol bl @1 na.
4| SAmnolovaine aud B ) 2. s
15 | Protoporphytin / 1X. i st na, na.
6| Antheacene componentofcoat | PT ES WPTPTETT | na na.
or
17| TevaChiorsaticy Anids oT i ) wa
87 Cournains i T ) na
19 | Rose Bengal Fragrance. BT AT PEET na, PT
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