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gnpd. :

= In vivo, In vitro, In silico’

1 Sun Protection In silico with BASF Simulator: www.basf.

= Absorption Spectrum and Transmission Spectrum

= Critical Wavelength (CW) It tells consumers how far out (starting at the beginning of
the UVB range) a product's 90% “protective umbrella” extends;The FDA has defined “broad
spectrum” as products with a CW value of over 370nm.

* UVA Protection: UVA-PF/SPF = 1/3(EU)

= SPF: Sun protection factor, a number on a scale for rating the degree of protection provided
by sunscreens. It is a ratio of the Minimal Erythemal Dose on product protected skin (MEDp) to
the Minimal Erythemal Dose on unprotected skin(MEDu) of the same subject.
SPF = MEDp/MEDu

e —finslspectum  * SR
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Difference: Photo-Aging
Identical twins, Brazil, 73y

She lived in the
country side, did
not take any
special measures
to protect her

| skin.

sunburn

SPF 50+

She lived in urban
environment,
avoided sun when
possible, took care
of her skin
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1. “UVB sunscreens” ideally suited for
tanning without sunburn.

2. Better UVA protection required.

3. Spectral homeostasis as the
ultimate goal.

2) UVA-PF/SPF = 1/3

N

290 320 400

L
290 320 400 290 320 400 T

1) UVB sunscreen 3) Ideal sunscreen

100
L=~ Pale Blue _w_"; ;
& 104 : ;
5
8
£
w
=
s 14— F e
0.1+ T T T T
250 450 500 550 600 650 700 750
“White” with optical brightener absorbs more UVA than UVB
Spectral Homeostasis = Neutral density filter
= Uniform UVB and UVA protection 9 3o 400
= Ideal sunscreen
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Protects equally against UVB and UVA
Reduces the guantity of the UV radiation
Does not change the quality of the UV radiation that hits the skin

Spectral Homeostasis

Neutral density filter
Uniform UVB and UVA protection

Absorbance
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|
320 400

Wavelength (nm)
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Background
Photostability (related to efficacy and safety)

UV-absorbers are photo-instable, if their chemical structure
changes irreversibly upon irradiation.

sunscreen with photostable filters,

/ concentration = 5.5%, SPF =9

9.0 Tt O O
&
& 7.0 |
g 50 - sunscreen with photounstable filters,
> concentration = 5.8%, SPF =6
.E 30 4
1.0 T T —~h
0.0 2.0 4.0 6.0
t/ hours of standard sun
Background

Mechanism of UV Absorption

‘ Processes after excitation in organic molecules

IC K > Photoreactions
SO* < (Sl @) Sl A |
—_— (Isomerization) d | T :>
[ g | sc L
l 2 c | o 8| Sensitization,
= o Q 5 Photoreactions
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IC: Internal Conversion, ISC: Intersystem Crossing
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Organic UV Filters Inorganic UV Filters

conduction band

|
% W v ﬂ band gap
—_ — e
[J]
G 11 i
1 t
1 |

TiO, is a semiconductor
S, 8, with high band gap energy
(corresponding to 390 nm)

Berd Harzag. Sun Protection Corference. London 2011
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Background
Trends for improving photostability

Photo-stabilization of BMBM (Avobenzone) by
» Octocrylene, MBC, MBBT, BEMT, DHHB or
» Diethylhexyl 2,6 Naphthalate (DEHN, CORAPAN® TQ)
= Diethylhexyl Syringylidene Malonate (DESM, Oxynex® ST)
= Benzotriazolyl Dodecyl p-cresol (TINOGARD® TL)

= Stabilization of TiO2 (Coating, Manganese)

= Encapsulation of UV Filters, e.g. UV-Pearls™ EHMC. Reaction of
EHMC with BMBM thus is not possible

= Use of New UV filters with inherently high photostability

Background
Scattering of Particles (Organic and Inorganic)

skin surface

X\
particle T

(sun) light

" |, backward scattered light
90

transmitted

light

Scattering - Application: Situation on the skin:

- 180

\ forward scattered light

0-90°

i

no scattenng

with scattenng

fi rd scattering ir
he absorption of the so

Therefor

S. Mueller, B. Herzog, J.
Giesinger, K. Quass, U.
Osterwalder, Micronization as
tool in the development of
innovative UV filters SOFW
Journal, July 2005

particle diameter

UV-light

Reflection = backwards scattered UVR and Light
= about 5 -15% contribution, depending on particle size

Smaller particles are more efficient in absorption (but

less in scattering)

With too big particles, the UV may be blocked inside,

and part of the absorbing material will stay unused.

Efficient particles are smaller than 200 nm
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EUROPEAN COMMISSION

5CCS/1429/11
Revision of 13/14 Decembar 2011

INCI: Tris-Biphenyl Triazine (TBPT)
"+ E— A new microfine organic particles UV filter

Health & Consumers

Scientific Committee on Consumer Safety

sccs

OPINION ON
1,3,5-Triazine, 2,4,6-tris[1,1-biphenyl]-4-yl-

SCCS/1429/11, Revision of 13/14 December 2011

The majority of the particles are below 100 nm, buy also
structures larger than 100 nm can be observed.

nyl Triazine (nano), T

on éfficacy

e Absorption in UVAII
G201 50 350 and UVB region

. C-801 450 = 100 nm|

C-801 050 = 140 increases with the
ceamn e decreasing particle

e 201 350 = 85 rm .
Size

VIS e Larger particles are
less efficient and less
transparent (i.e.visible)

wavelength

SCCS/1429/11, Revision of 13/14 December 2011

22
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New UV Filters
Global View

UV Filter Absorption Spectra
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New UV Filters

S 74 (BMP)

Benzylidene Malonate
Polysiloxane
(Polysilicone 15)

- Oil-soluble

S 78 (DBT)

Diethylhexylbutamido
Triazone

- Qil-soluble

E(1,1)

E(1,1)

Spectral Properties: UVB-absorbers
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New UV Filters

S 71 (TDSA)
Terephthalidene
Dicamphor Sulfonic
Acid

- Water-soluble

S 80 (DPDT)
Disodium Phenyl
Dibenzimidazole
Tetrasulfonate

- Water-soluble

E(1,1)

E(1,1)

Spectral Properties: UVA-absorbers

1000
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290

310

330 350 370 390

Wavelength / nm
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S 83 (DHHB) -
Diethylamino

Hydroxylbenzoyl Hexyl =
Benzoate R
- Qil-soluble “

(]
290 310 330 350 370 390

Wavelength/nm

S 73 (DTS) o ‘ -
Drometrizole Trisiloxane :\@ﬁj\(-}-
g 300 _{._
- QOil-soluble »
100
029 33 350 39
1000 Wavelength /nm
S 81 (BEMT)

Bis-Ethylhexyloxyphenol
Methoxyphenyl Triazine

- Oil-soluble

E(1.1)
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S 79 (MBBT)
Methylene Bis-Benzo-triazolyl
Tetramethyl-butyl-phenol (nano)

- Water-dispersible

2090 310 330 350 aro 300
Wavelength / nm

1000,0

S 84 (TBPT) 8000
Tris-Biphenyl Triazine (nano) %

400,0 NFTN

00

E(L1)

- Water-dispersible

(Annex VI since 8.8. 2014)

290 310 330 350 370 390

Wavelength / nm

1000 1500 :
—&—ED-PABA(S §) —4—BMDBM |
1250 (Ses) i
= —|-IMC (5 27) —%—DHHB
—e—EHi (583)
EHMC (S 28) 1000 BTDSA
- -6-0CR (533 71
= e —a—DPDT
5 =0 ——EHS(512) Z 7m0 AR
3= Polys licane-15 (S 74} - E—UAL-) A
250 B HMS(S 12) 500
250
Py . ¥
=0 20 20 3 400 0
200 320 240 370 s00
150 Wavelength nm
BT (569 1000
125 osT 78 —&—BEMT (S81)
678 : -B-MEBT (§79)
100014 ~B-NSC(560) : DTS (S 73)
- ~6-PBSA(S 45) . .
=™ —4-Ti02(S75) z
--83(339 o
-B-5-4(540

S
0 0 M0 X0 0 MO 0 B0 W B0 30 40
‘Wavelength /nm

Osterwalder U and Herzog B, Chemistry and Properties of Organic and Inorganic UV Filters,
Clinical Guide to Sunscreens and Photoprotection, edited by HW Lim and ZD Draelos,
informa healthcare, New York 2009
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Hueglin, BASF Research Press Conference, Ludwigshafen, March 29, 2012
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Humans and Environme

RISK = EXPOSURE x HAZARD

€ Exposure: Humans, Environment
(defined by application, use pattern,

mE==) can be modified

€ Hazard:
(defined by toxicologial / ecotoxicological profile)

physico-chemical properties, specific preparations ...)

m=) cannot be modified ™= inherent properties

Data on the compound, specification, analytical methods,
stability and photostability, and safety include:

«  Teratogenicity sex ratio or ano-genital distance.

e Acute oral toxicity *  Mutagenicity/Genotoxicity

*  Acute dermal toxicity *  Phototoxicity; Photoallergenicity
Dossier * Repeated dose oral «  Photomutagenicity
preparation toxicity «  Safety evaluation

*  lrritation (skin) +  Additional studies depending upon

« lrritation (mucous the results of the dermal absorption

membranes) test and the outcome of the other
+  Sensitisation studies
. Dermal absorption Note: endocrine effects are evaluated in vivo from

affected systems; e.g., in Teratology study

approx. 2 years

costs 350.000 to
400.000 € per
compound

rocess
P o Ad-hoc Working Party proposes new Adaptation to Technical Progress
(ATP) Directive

o Committee of ATP agrees
o Publication in Official Journal

o Application for inclusion in Annex VII of Dir. 76/768 EEC (2013-07:Annex VI)
Approval e Safety evaluation by SCCP (Scientific Committee on Consumers Products)

1-2 years
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Wavelength / nm

= ©: Optimal daily UV Protection CW 380
ideal Profi (i Clothing and

garments)

Sunscreen
= B: Sunscreen with CW 370 nm

Fig. 8 UV protection profile of optimal daily care compared with other day creams/
sunscreens (All SPF 15) (18)

Osterwalder U, Herzog B, Wang SQ, Expert Rev. Dermatol. 6 (5), 479-491 (2011)
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Reducing time to market by rapid
prototyping:

= Explore formulation space to
develop different sunscreens

= Check UVA protection metrics of all
major regions

= Check photostability and closeness
to ideal sunscreen

= Test in silico before expensive
in vitro or in vivo testing

www.basf.com/sunscreen-simulator
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SPF

n = 110, slope = 0.98, r = 0.958

80
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Product

Green Sunscreen
SPF 15 New Sunscreel

Active ingredients (%)

UVB / UVA2 UVA 1/ Broad spectrum
EHMC OCR PBSA BEMT BMBM  MBBT Total
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UV Protection Profile
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Drug Facts
e Uses
¢ Helps prevent sunburn
o S o ¢ If used as directed with
other sun protection
measures, decreases the
BRAND T T risk of s_kln cancer and
Sunscreen, early skin aging caused by
‘ D — the sun
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= Uniform protection profile
= Good skin feel — pleasing to use
= Long lasting, photostable, safe, accepted (by NGOs).........
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 A: Sunscreen with critical wavelength (CW) 360 nm  _ Ideal Sunscreen Profil (Protetion by Clothing and
B: Sunscreen with CW 370 nm garments)

370 390

skin
Formadston nomber i el v o Distribution and Willingness to use the Sunscreen
Emulsion type wo | wo | ow | ow Sample 1-1 Sample 2-1 Sample 3-2 Sample 4-2
Spreadaiity low | low | low | Hgh 200 165
Titanium Dioxide (and) Aluminum 160 . . . 150
Hydroxide (and) Stearic Acid
Tinc Oide w | - | - | - 100
Octocrylene - 100 100 100
ﬁ.:’: Butyl Methorydibenzoyimethane| - | 50 | 50 | 50 o 50
isthyhenyonpheno § 0
- - | 20 | 20 8
h TNZEIM I 0
Metyen isBea N
Tsocetyl Pamitate 80 | 80 | 80 | - 100
Copryic/Capric Trighveride | 80 | 80 | 80 | - 150
emolients Dicapryyl Carbonate - - - 30 M Distribution M Willing to Use
in% Coco-Caprylate - - - 5.0 -200 -170 175
Cyclohexasiloxane (and) . ; ) 10
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Conclusion

= New UV filters that came to market in the last decade that allow
manufacturing of photostable sunscreens with good UVA
protection

= Latest positive opinion for UV filter TBPT — UVB & UVA Il range
with high effectiveness

= CW 370 does not provide sufficient UVA protection

= Insilico method helps understanding sunscreens and helps
accelerate innovation

Further Reading

= Osterwalder U, Sohn M and Herzog B, Global state of sunscreens, Photodermatol
Photoimmunol Photomed; 30: 62—-80 (2014)

= Jansen R, Osterwalder U, Wang SQ, Burnett M and Lim HW, Photoprotection, Part Il.
Sunscreen: Development, efficacy, and controversies, J AM ACAD DERMATOL
VOLUME 69, NUMBER 6 (2012)

= Osterwalder U, He Q, Sohn M and , Herzog B, Sustainable Sun Protection with
Sunscreens Requires the Right Technology and Good Compliance, SOFW-Journal,
138(7), 2-18 (2012)

= Osterwalder U, Herzog B, and Wang SQ, Advance in Sunscreens to Prevent Skin
Cancer, Exp. Rev. Dermatol 6(5), 479-491 (2011)

= Osterwalder U and Herzog B, The long way towards the ideal sunscreen—where we
stand and what still needs to be done, Photochem. Photobiol. Sci., 2010, 9, 470

= Osterwalder U and Herzog B, Sun protection factors: world wide confusion, British
Journal of Dermatology 2009 161 (Suppl. 3), pp13-24
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Public Access to SunScreens (PASS) Coalition

» The PASS Coalition is a multi-stakeholder coalition formed to advocate for a transparent and|t
by the U.S. FDA of over-the-counter sunscreen ingredients.

» On a bipartisan, bicameral basis, Congress enacted reforms to the U.S. sunscreen application|proct
expedite the approval of new and innovative sunscreen ingredients. The Sunscreen Innovatioh Act
Law 113-195) amends the Food Drug & Cosmetic Act to ensure all sunscreen ingredients receivie a
transparent and timely review.

WE #.
PEOPLE

YOUR YOICE IN @PASScoalition
OURIGONRENHENT http://www.passcoalition.com
https://www.facebook.com/PASSCoalition

Reasons for delay of US approval:
— Not protectionism (urban legend)
— Regulated as OTC drug
— Thalidomide

» One scientist at FDA avoided damage in US
» Paradigm change at FDA

12 Tabletten -
ptel (0nferqo
Hypnotikum
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50 Years after Thalidomide: Why
Regulation Matters

Posted on February 7, 2012 by FDA_Voice

By: Margaret Hamburg, M.D.

Fifty years ago, the vigilance of FDA medical officer Dr. Frances Kelsey prevented a
public health tragedy of enormous proportion by ensuring that the sedative
thalidomide was never approved in the United States. As many remember, in the
early 1960’s, reports were coming in from around the world of countless women who
were giving birth to children with extremely deformed limbs and other severe birth
defects. They had taken thalidomide. Although it was being used in many countries,
Dr. Kelsey discovered that it hadn’t even been tested on pregnant animals.

1962: Frances Kathleen Oldham &7

Kelsey iving the Presi 's Award
Dr. Kelsey's reaction to thalidomide exemplifies the FDA's mission: protecting and for Distinguished Federal Civilian
promoting the health of the American people, using science for regulatory decision- Service from President John F.
making. Kennedy

i i

S approval: Thalido

‘Shedding some light on FDA's review of
sunscreen ingredients and the
Sunscreen Innovation Act

Posted on February 24, 2015 by FDA Voice

By: Theresa M. Michele, M.D.

At this time there is not enough generally
umm__n;wm B available data to determine whether any of the
o Caton ot b et o et s ingredients under review meet FDA'’s safety and
e effectiveness standards.

tfor
102010 e FOA honed Ketsay by naming e of
he awards, Center Direcsor Steven K. Galson, MD)
Kelsey Dru Satety Excelence Award and 1o recog
L 9 Kelsay rece

ey

Kelsey received an honorary doctor of science degy
Kelsey humed 1001 July 2014

Astereid 6260 Kelsey i namadin her honoue 5

Seealso fesr
European Medicines Agency

WIKIPEDIA
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UV Filter use USA vs Europe

(Launches 2012-14, GNPG/Mintel)

=
[==]
=
=)

80%

70%
60%
50%
40%
30%
20%
10%

0%

[-= vy

UV Filtersin % of SPF productslaunched

o o U = U S E - ¥ < O
= Q @ I & = I v @ I S =@ E & F
E = Q (re] == T (re] E [=] = g g (=) E ~
UVB-UVA 2 BROAD-SPECTRUM/UVA 1

W USA EUROPE

U Osterwalder and L Hareng, Global UV filters: current technologies and future
innovations, in Principles and Practice of Photoprotection, Wang/Lim (Eds.), Springer 2015

UV Filter use USA vs Europe

(Contribution of new UV filters to US sunscreens)
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