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ABSTRACT

Sunscreens are topical preparations containing any number of ultraviolet filters (UVFs). The first part of
the review will focus on the recent Food and Drug Administration (FDA) regulations of 2019 and general
use of these agents. While sunscreen products are becoming more regulated in the United States, we still
lag behind other countries in our options for UVFs. Sun protection to prevent skin cancer and aging
changes should be a combination of sun avoidance, protective structures, and clothing as well as use
of sunscreen products. Newer and safer products are needed to help supplement and replace older agents
as well as improve their cosmetic acceptability. This will be a review of ingredients, local toxicities (i.e.
contact dermatitis, photocontact dermatitis), special considerations for children, and cosmesis of sun-
screen preparations. Part 2 will focus on the environmental, ecological and human toxicities that have

been increasingly related to UVFs.
© 2020 Published by Elsevier Inc. on behalf of Women’s Dermatologic Society. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Key Points

e Sunscreen regulation is evolving since the 2019 FDA Pro-
posed Rule but many UV filters are not allowed in the US.

e UV filters are treated as drugs in the US but as cosmetics
in other parts of the world, resulting in longer pathways to
approval for use.

e Practicing ‘Safe Sun’ is an important platform that the
AAD promotes and there are many options available that
can be cosmetically as well as clinically acceptable for
women and children. Special care in small children and
infants is important.

Introduction

In February 2019, the U.S. Food and Drug Administration (FDA)
issued a proposed rule (Federal Register 84FR6204, 2019-03019) to
update the regulatory requirements for non-prescription, over-the-
counter (OTC) sunscreens to ensure their safety, efficacy, and con-
sistency in labeling. While there has long been a need for this
action (FDA, 1978, Wang et al., 2011) and the intent is to edu-
cate/benefit consumers, enactment of the rule may have uninten-
tionally added to the confusion and skepticism of ultraviolet
filters (UVFs) that has also been triggered by concerns/local legisla-
tive bans of some UVFs.

This has become a hot topic in dermatology practices across the
nation with numerous commentaries published in the last 10 years
(Wang et al., 2011; Erickson, 2018, see also AAD.ORG Sunscreen
FAQ 2019 and Talking points: JAMA study on absorption of sun-
screen ingredients 2020). As dermatologists, we are responsible
for educating our patients and their families, our colleagues, public
health officials, community leaders, and legislators regarding the
health benefits and risks of sunlight exposure, as well as the health
benefits and risks of sunscreens.

In this review we cover this recent FDA announcement, the
wide range of UVF in sunscreen products and cosmetics, and vari-
ations on different continents, how to safely and properly use/
choose a sunscreen product in the overall scheme of UV protection,
and sun safety practices in children and adults. In part 2, we will
address concerns of products that we are recommending to protect
our patients and their families from skin cancer by reviewing
reported types of human and ecological toxicities of UVFs once
they are applied and subsequently enter the environment.

We hope this overview will be a useful reference and help to
clarify many of the issues we face as dermatologists trying to do
the best job of advising and protecting our patients under the Hip-
pocratic Mantra of ‘Do No Harm’.

Definitions

It is essential that readers use the terms correctly, rather than
colloquially. For example, titanium dioxide (TiO;) is not a sun-
screen. It is a UV filter that is included in many commercial products
known as sunscreens.

Sunscreen: the commercial product sold to consumers for pro-
tection of human skin from ultraviolet radiation. Sunscreens con-
tain one or more UVFs that may be physical, chemical, or both.
In addition, they contain many other substances, such as emol-
lients, preservatives or stabilizers, emulsifiers, fragrances, and col-
oring compounds. Broad spectrum sunscreens are defined by the
FDA as products that provide UVA protection that is proportional
to its UVB protection (FDA-US, 2017).
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According to the FDA, “a product that includes the term “sun-
screen” in its labeling or in any other way represents or suggests
that it is intended to prevent, cure, treat, or mitigate disease or
to affect a structure or function of the body comes within the def-
inition of a drug in section 201(g)(1) of the act. Sunscreen active
ingredients affect the structure or function of the body by absorb-
ing, reflecting, or scattering the harmful, burning rays of the sun,
thereby altering the normal physiological response to solar radia-
tion. These ingredients also help to prevent diseases such as sun-
burn and may reduce the chance of premature skin aging, skin
cancer, and other harmful effects due to the sun when used in con-
junction with limiting sun exposure and wearing protective cloth-
ing” (https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/
cfrsearch.cfm?fr=700.35).

UV filter: a specific compound that impedes the passage of
ultraviolet light. Dermatologists typically divide these into chemi-
cal (absorbing UV rays and converting to thermal energy) vs. phys-
ical agents (reflecting UV rays). Environmental chemists categorize
them in several ways, for example, organic vs. inorganic, lipophilic
vs. hydrophilic. The National Library of Medicine databases call
these compounds, sunscreening agents, and define them as chemi-
cal or physical agents that protect the skin from sunburn and ery-
thema by absorbing or blocking ultraviolet radiation. UVFs are also
used in consumer cosmetics (makeup, nail polish, shampoo, etc.)
and industry (plastics, paints, sealants, etc.) to protect against
photodegradation.

Environment: the surroundings or conditions in which a per-
son, animal, or plant lives or operates.

Ecosystem: the interactions between the environment and the
organisms that dwell within it. It is likened to a community that
functions as one unit.

GRASE: defined by the FDA OTC Glossary (https://www.access-
data.fda.gov/scripts/cder/training/otc/topic3/images/Glossary.pdf)

“A drug is not considered a new drug only when it is generally rec-
ognized as safe and effective (GRASE). In order to conclude a GRASE
determination, a drug must satisfy three criteria: 1. The particular
drug product must have been subjected to adequate and well-
controlled clinical investigations that establish the product as safe
and effective. 2. Those investigations must have been published in
the scientific literature available to qualified experts. 3. Experts must
generally agree, based on those published studies, that the product is
safe and effective for its intended uses. At a minimum, the general
acceptance of a product as GRASE must be supported by the same
quality and quantity of scientific and/or clinical data necessary to sup-
port the approval of a New Drug Application.”

Few UVFs used in FDA-approved sunscreen products are consid-
ered GRASE but are sold under the definition of a ‘Marketed Unap-
proved Drugs’ as they have been in use for a long time, but may be
lacking the rigorous testing described in the OTC Glossary defini-
tion (Table 1) (FDA-US, 2006).

Sunscreen ingredients and safety

In its February 2019 document, the FDA recognized 22 UVF
compounds in use in sunscreen products and classified them as
Generally Recognized As Safe and Effective (GRASE) (Category I),
those that are Non GRASE (Category II), and those that require fur-
ther evaluation (Category III). In addition, several compounds
remained unclassified because they require further evaluation or
‘reserved’. Two UVF agents, titanium dioxide (TiO2) and zinc oxide
(Zn0), known to consumers (and dermatologists) as mineral sun-
screens or physical blockers, were designated as GRASE-Category
I (Federal Register 84FR6204-6275, 2019-03019).

An additional 20 UVFs, some/many of which are approved in
Europe, are listed in the proposed rule as Non GRASE and must
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Table 1

UV filters in use worldwide.
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dibenzoyl-methane®
-1-(4-methoxyphenyl)- 3-(4-
tert-butyl) propane-1,3-dione
-Parsol 1789

-Eusolex 9020

-Escalol 517™ (Ashland)
-BMBM

-B-MDM

-Neo Helioplan357
-Milestab1789

Agent Range Max % Function Approvals and
Complications of Use
PHYSICAL | Zinc Oxide (ZnO)*A uvB 25% US; JP, | Reflects UVA and UVB | Photostable; “white, Kabuki-like
FILTERS | Other Names: UVA1 AUS- No limit cast”
- .. . AUS, EU, JP, USA- GRASE |
-Color index pigment white 4 | UVA2
(Inorganic | -Color index. 77947
Sunscreen | zic gelatin
Filters)
-Nogenol
Titanium Dioxide (TiO2)** | UVB 25% US; JP, | Reflects UVA and UVB | Photostable; “white, Kabuki-like
Other Names: UVA2 AUS- No limit cast’
-Color index pigment white 6 AUS, EU, JP, USA- GRASEI
-Color index 77891
-Titanium peroxide
CHEMICAL | Ecamsule? UVA1 3% US, Absorbs UV and Photostable; Water-soluble
FILTERS | Other Names: UVA2 10% EU, JP, | releases thermal AUS, EU, USA-
-Terephthalylidene AUS. energy No GRASE rating -
(Organic | dicamphor sulfonic acid* approved by NDA 2006.
Sunscreen | -TDSA
Filters) -Mexoryl SX®
Avobenzone”? UVA1 3% US, Absorbs UV and Photodegradation- micro-
Other Names: 5% EU, AUS, | releases thermal encapsulated avobenzone could
-Butyl methoxy- 10% JP energy minimize its degradation in

sunlight, photo-allergen; oil
soluble (7,13-16,19)

AUS, EU, JP,

USA- NONGRASE Il
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-BMDBM

Octinoxate® uvB 7.5% US, Absorbs UV and Water-insoluble;

Other Names: UVA2 10% EU, releases thermal photodegradation; endocrine

-Ethylhexyl AUS. energy disruption-potential; skin

methoxycinnamate* 20% JP. absorption; breast milk detection

-Octyl methoxycinnamate (5-8,18)

-OMC AUS, EU, JP,

-EHMC USA-NONGRASE lII

-Escalol 557

-Parsol MCX

-Eusolex 2292

-Tinosorb OMC

-Uvinul MC80

Octocrylene*? uvB 10% EU, US, | Absorbs UV and Photostable; skin absorption;

Other Names: UVA2 AUS, JP. releases thermal breast milk detection,

_Uvinul N539T energy photosensitizer -increases skin
free radicals (6,13,14,18,19

“OcR AUS, EU, JPf )

-0C USA-NONGRASE III

-Eusolex OCR

-Parsol 340

-2-ethylhexylester

-2-cyano-3,3-diphenyl

acrylic acid

-Octyne-B

-Neo Heliopan 303

-AakoSun OCR

-Escalol 597UV

-Chem OCR

-FM-OCR

Oxybenzone”? UvB 6% US. Absorbs UV and Photostable; skin absorption;

Other Names: UVA2 10% EU, releases thermal possible photo-carcinogen;

-Benzophenone-3* AUS. energy breast milk detection, endocrine

-BP3 5% JP. disruption-potential (1-7,18,19)

-Uvinul M40
-Eusolex 4360
-Escalol 567
-Milestab 9
-Kahscreen B2-3

AUS, EU, JP,
USA-NONGRASE Il

31
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sulfonic acid*
-Phenyl-s-
sulfabenzimidazole
-Neo Heliopan Hydro
-PBSA

-Eusolex 232

-Parsol HS

-Eusolex 6300

Octisalate® uvB 5% US, AUS, | Absorbs UV and Photodegradation; water-
Other Names: UVA2 EU. releases thermal resistant; oil-soluble (10-12)
-Ethylhexyl salicylate* 10% JP. energy AUS, EU, JP,

-Octyl salicylate USA-NONGRASE llI

-EHS

-Escalol 587

Homosalate® uUvB 15% US, Absorbs UV and Photodegradation; skin
Other Names: UVA2 AUS. releases thermal absorption; oil-soluble; endocrine
-Homomethyl salicylafe® 10% EU, JP. | energy disruption-potential; mother’s
HMS milk (3,6,9,19)

-Eusolex HMS A
-Heliopan

Cinoxate*# uUvB 3% US. Absorbs UV and Slightly yellow; insoluble in
Other Names: 6% AUS. releases thermal water; photo-allergen (5,13,19)
-2-Ethoxyethyl p- energy AUS, USA- NONGRASE I}
methoxycinnamate

-2-EMC

-Phiasol

-Give Tan

-Sundare

Padimate O* uvB 8% US, EU, Absorbs UV and Water-insoluble PABA derivative;
Other Names: AUS, JP. releases thermal AUS, EU, JP,

-Ethylhexyl dimethyl energy USA- NONGRASE I
PABA*

-OD-PABA

-Octyldimethyl PABA

-EHDP

-Escalol 507

-Sundown

Ensulizole? uvB 4% US. Absorbs UV and Photostable; AUS, EU, JP,
Other Names: UVA2 8% EU. releases thermal USA- NONGRASE I
-Phenyl benzimiazole 3% JP. energy
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Dioxybenzone”? uvB 3% US, AUS. | Absorbs UV and Insoluble in water;

Other Names: UVA2 releases thermal AUS, USA- NONGRASE |l
-Benzophenone-8* energy

-BP-8

-Spectra-sorb UV24

-Advastab 47

-Dioxibenzanum

Meradimate” UVA1 5% US, AUS. | Absorbs UV and AUS, USA-NONGRASE |
Other Names: UVA2 releases thermal
energy

-Menthyl anthranilate®
-Sunarome UVA

Sulisobenzone” uvB 5% EU. Absorbs UV and Photostable; skin absorption (1-
Other Names: UVA2 10% US, JP, | releases thermal 5)

-Benzophenone-4% AUS. energy AUS, EU, JP,

-BP4 USA- NONGRASE Il

-Uvinul MS40

-Escalol 577

-2-hydroxy-4- methoxy
benzophenone-5-

sulfonic acid
-3-benzoyl-4-hydroxy-
6-methoxybenzene sulfonic

acid

DEA-methoxycinnamate Primary use as stabilizer and UV
Other Names: filter for hair care products.
-Bernel Hydro USA- NONGRASE-
-Diethenolamine FDA listed as ‘reserved’

methoxycinnamate

Aminobenzoic acid” UvB Absorbs UV and Allergic contact dermatitis; cross-
Other Names: releases thermal reacts with sulfonamide
_PABA* energy allergens; clothing discoloration;

Increased risk of cellular UV

-Para-aminobenzoic acid )
damage, ?photo-carcinogen,

-Pabagel banned in Europe (5,13,19)
-Pabalate USA-Non-GRASE, i
Other forms:

-Ethyl dihydroxypropyl-
PABA

-Amerscreen P
-Glyceryl-PABA

(continued on next page)
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-NIPA G.M.P.A.
-4-aminobenzoic acid

PEG-25 PABA uvB 10% EU Absorbs UV and EU; US- PCPC

Other names: releases thermal

-Ethoxylated ethyl-4 - energy

aminobenzoate

Trolamine salicylate® UvB 12% US, CA, | Absorbs UV and Odorless; skin absorption;

Other Names: AUS. releases thermal salicylism risk

- TEA salicylate* 2.5% EU. energy AUS, EU; US- PCPC

-Triethanolamine salicylate USA--NONGRASE II

Digalloyl triolate EU-banned
USA- NON-GRASE FDA listed
as ‘reserved’

Lawsone + USA-FDA NON-GRASE

Dihydroacetone ‘reserved’
Oxidation product of self-tanning
agent with pigment from the
henna plant (Lawsonia inermis).

Red Petrolatum USA-FDA NON-GRASE
‘reserved’
Older form of petroleum jelly, first
used for military pilots as
sunscreen, now used solely in
veterinary medicine.

Benzophenone-1 UvB 4% EU, AUS. | Absorbs UV and Linked to breast, ovarian and

Other Names:
-BP-1

-Uvinul 400
-2,4-dihydroxy

releases thermal
energy, Used in nail
polish

prostate CA; can cross placenta;
endocrine disruption-potential
(6,7)
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benzophenone

Benzophenone-2 UVA1 10% EU, Absorbs UV and
Other Names: AUS. releases thermal

_BP-2 energy
-2,2'4,4'-tetrahydroxy
benzophenone
-Uvinul D-50

Benzophenone-5
Other names:

-BP-5

-Sulisobenzone sodium

Benzophenone-6

Other Names:

-BP-6
-2,2'-dihydroxy-4,4'-
dimethoxybenzophenone
-Uvinul D-49

Benzophenone-7
Other names:
-BP-7
-5-chloro-2-hydroxy
benzophenone

Benzophenone-9 10% JP JP
Other Names:

-BP-9

-CAS3121-60-6

-Sodium dihydroxy,
dimethoxy, disulfo
benzophenone

-sodium 2,2'-dihydroxy-4,4'-
dimethoxybenzophenone-
5,5'-disulfonate

-Uvinul 3048

-Uvinul DS49

Benzophenone-10

(continued on next page)

35



N. Sabzevari, S. Qiblawi, S.A. Norton et al. International Journal of Women'’s Dermatology 7 (2021) 28-44

Other Names:

-BP-10

-Mexenone

-2-hydroxy, 4-methoxy-4'-
methyl benzophenone

Benzophenone-11

Other Names:

-BP-11

-mixture of benzophenone-2
and benzophenone-6)

Benzophenone-12 used to protect plastics

Other Names:

-BP-12

-Uvinul 4408

-Octabenzone

Hydroxybenzophenone UVA used as UV absorber in clear
-family of 1900+ UVFs plastics and PVC pipe
Bemotrizinol” UvB 10% EU, JP, | Absorbs both UV and | photostable; oil-soluble; minimal
Other Names: UVA1 AUS releases thermal skin penetration
-Bis-ethyl-hexyloxyphenol | UVA2 energy AUS, EU, JP; US- PCPC only

methoxyphenyl triazine*
-bis-ethylmethyl triazine
-BEMT

-Tinosorb S
-Anisotriazine

-Escalol S

-Parsol Shield

-Tinosorb S Aqua

Bisoctrizole”® UvB 10% EU, JP, | Absorbs UV and little photodegradation; dissolves
Other Names: UVA1 AUS releases thermal poorly in both oil and water;
UVA2 energy, also reflects minimally absorbed by skin;

-Methylene bis-
benzotriazolyl
tetramethylbutyl-

and scatters UV microfine particles similar to
nanoparticles

phenol* AUS, EU, JP; US- PCPC only

-MBBT

-Tinosorb M

-Parsol Max
-Tetramethylbutyl phenol
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Tris-biphenyl triazine* uvB 10% EU
Other Names: UVA2
-TBT
-TBPT
-Tinsorb A2B
Drometrizole trisiloxane* UVA1 10% CA, Absorbs UV and Photostable; oil-soluble;
Other Names: UVA2 15% EU, releases thermal synergistic with
Mexoryl XL AUS energy terephthalylidene dicamphor
DRT sulfonic acid (TDSA, Mexoryl
SX)
EU, AUS, CA; US- PCPC only
Diethylhexyl butamido uvB 10% EU, Absorbs UV and EU, JP; US- PCPC only
triazone* UVA1 5% JP releases thermal
Other Names: UVA2 energy
-Uvasorb HEB
-DBT
-Iscotrizinol
Ethylhexyl triazone* uvB 5% EU, AUS, | Absorbs UV and Insoluble in water; water
Other Names: UVA2 3% JP releases thermal resistant
-Octyltriazone energy AUS, EU, JP, US- PCPC only
-Uvinul T 150
-EHT
-OT
Bisdisulizole disodium” UVA1 5% EU, AUS | Absorbs UV and Photostable; Water soluble;
Other Names: UVA2 releases thermal cosmetic photostabilizer
-Neo Heliopan AP energy AUS, EU; US - PCPC only
-Disodium phenyl
dibenzimidazole
tetrasulfonate*
-Bisimidazylate
-DPDT
Isoamyl p- UvB 10% EU, Absorbs UV and AUS, EU; US- PCPC only
methoxycinnamate* UVA2 AUS. releases thermal

Other Names:
-Amiloxate

-IMC

-Neo Heliopan E1000
-Isopentyl-4-methoxy
cinnamate

energy

37
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Enzacamene”

Other Names:
-4-methylbenzylidene
camphor*

-MBC

-4-MBC

-Parsol 5000

-Eusolex 6300

UvB 4% EU, AUS,
UVA2 CA.

Absorbs UV and
releases thermal
energy

Endocrine disruption-potential
(6,7)
AUS, EU, CA

3-benzylidene camphor*
Other Names:

-3BC

-1,7,7-trimethyl-3-
(phenylmethylene) bicyclo
[2.2.1]heptan-2-one

UvB

Endocrine disruption-potential
(6,7)
Banned EU; US- PCPC

Benzylidene camphor
sulfonic acid*

Other Names:

-BCSA
-Benzenesulfonic acid
-(3-benzylidene-7,7-
dimethyl-2-oxo-1-bicyclo
[2.2.1]heptanyl)methane
sulfonic acid

UVvB 6% EU, AUS,
JP.

Absorbs UV and
releases thermal
energy

AUS, EU, JP; US- PCPC only

Polyacrylamidomethyl
benzylidene camphor*

Other Names:
-PBC

uvB

Absorbs UV and
releases thermal
energy

6% AUS, EU; US- PCPC only

Camphor benzalkonium
methosulfate*

Other Names:
-CBM
-Mexoryl SO

uvB

Absorbs UV and
releases thermal
energy

EU; US- PCPC uncommon use

Polysilicone-15*
Other Names:
-Dimethicodiethylbenzal

uvB 10% EU, JP,
UVA2 AUS.

Absorbs UV and
releases thermal
energy

AUS, EU, JP; US- PCPC only
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malonate

-Diethylbenzylidene
malonate dimethicone

-Diethylmalonylbenzyliden
oxypropene dimethicone

-Parsol SLX
-PS15

Diethylamino UVA1 10% EU, JP, | Absorbs UV and
hydroxybenzoyl hexyl UVA2 AUS. releases thermal
benzoate* energy

Other Names:
-Uvinul A Plus
-DHHB

4-Isopropyl dibenzoyl UVA Can cause contact and
methane UVB photocontact dermatitis-
-Eusolex 8020 withdrawn from market in 1990’s
(5,13,19)

Misc. Filters | -Diphenyl carbomethoxy Surfactants, UV absorbers (16-
acetoxy naphthopyran 17)

-Diphenylmethyl
piperazinylbenz-imidazole
-di-t-butyl
hydroxybenzylidene
camphor

Benzotriazole Family industrial photostabilizers used in
(e.g. octrizole)
Hydroxyphenyltriazine
Family

Oxanilide Family

Silica Family
-Mesoporous (Ceria) silica
nanoparticles and periodic
mesoporous organosilica
nanoparticles containing
bridging benzene and
ethane moieties

coatings and plastics (16-17)

(continued on next page)
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Etocrylen

Other names:

-Etocrilene

-Uvinul N-35

-MAXGARD® DPA-2
-Ethyl 2-cyano-3,3-diphenyl
acrylate

Used as UV absorber in nail
polish. Causes skin, eye, and
respiratory irritation.

Salicylates-
-Benzyl salicylate (clove oil)
-Glycol salicylate

-Methyl salicylate
(wintergreen oil)

-Isopropylbenzyl salicylate
-Tridecyl salicylate
-Isodecyl salicylate
-Butyloctyl salicylate
-Myristyl salicylate
-Ethylhexyl salicylate
-Magnesium salicylate
-Calcium salicylate
-Potassium salicylate
-Hexyldodecyl salicylate
-MEA salicylate
-C12-15 alkyl salicylate
-Isocetyl salicylate

Used in cosmetics as fragrance
additive or UV (5,13,16-19)
absorber/stabilizers

-common contact allergens
-hair conditioners, hair dyes,
anti-static agents (PABA
derivatives)

Cinnamates (cinnamon oil
extracts)

-Deamthoxycinnamate
-Ethyl diisopropyl cinnamate
-Glyceryl ethylhexanoate
dimethoxycinnamate
-Isopropylmethoxy
cinnamate

-Potassium
methoxycinnamate

Used in cosmetics as fragrance
additive or UV (5,13,16-19)
absorber/stabilizers

PABA derivatives

-Dimethyl PABA ethyl
cetearyl dimomium tosylate

-Ethyl dihydroxypropyl
PABA

-n-ethyl-3-nitro PABA
-tri-PABA pantenol-
roxadminate

Used in cosmetics as UV
(5,13,16-19) absorber/stabilizers
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Sources: BASF Sunscreen Simulator- https://www.sunscreensimulator.basf.com/Sunscreen_Simulator/login/register, The Skin Cancer Foundation https://www.skincancer.
org/skin-cancer-prevention/sun-protection/sunscreen/, in part from the FDA Fact Sheet on sunscreen issued in February of 2019 and from Federal Register FDA Proposed Rule
February 2019 https://www.fda.gov/news-events/press-announcements/fda-advances-new-proposed-regulation-make-sure-sunscreens-are-safe-and-effective.
Legend:GRASE = generally recognized as safe and effective. *INCI Name = International Nomenclature for Cosmetic Ingredients. “"USAN Name = United States Adopted Name,
PCPC only = Personal Care Products and Cosmetics use this UV absorber but not in sunscreen products. UVA1: 340-400 nm, UVA2: 320-340 nm, UVB: 290-320 nm
Legend:GRASE = generally recognized as safe and effective. *INCI Name = International Nomenclature for Cosmetic Ingredients. “"USAN Name = United States Adopted Name, PCPC only

= Personal Care Products and Cosmetics use this UV absorber but not in sunscreen products. UVA1: 340-400nm, UVA2: 320-340nm, UVB: 290-320nm USA-FEDA GRASE 1, USA-FDA
NONGRASE II not allowed to be used in sunscreen products, USA-FDA NONGRASE III not yet approved but currently allowed in existing sunscreen products, pending FDA review. Non-
highlighted UV filters approved outside of USA| USA-FDA NONGRASE ‘Reserved’
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undergo the FDA’s New Drug Application (NDA) approval process
prior to marketing. Two of these 20 UVFs, aminobenzoic acid (in-
cluding available variants of para-aminobenzoic acid (PABA),
glyceryl-PABA, ethyl dihydroxypropyl-PABA) and trolamine salicy-
late were classified as Non-GRASE-Category II. Consequently, they
are no longer permitted in sunscreen products sold in the U.S.
PABA was found to cause endocrine abnormalities in some individ-
uals, specifically altering thyroid activity, in addition to allergic
contact dermatitis (cross-reacting with sulfonamides) and a ten-
dency to stain clothing (Lim, Thomas and Rigel. Photoprotection
in Photoaging, Marcel Dekker, 2004; Schauder and Ippen, 1997).
Trolamine salicylate, an ingredient found in some OTC topical anal-
gesics for relief of arthritis and muscle pain, is also a UVB UVF.
However, trolamine salicylate can be absorbed across the skin into
underlying tissues and systemically (Morra et al., 1996), poten-
tially leading to salicylism (elevated serum concentrations of sali-
cylic acid following topically applied salicylate products).

Among the “reserved” products, which remain unclassified, are
lawsone + dihydroxyacetone (Henna dye skin surface oxidation
product, Munt et al., 2015), DEA methoxycinnamate (a UVF used
mainly in hair care products, such as shampoos and conditioners),
digalloyl triolate (unapproved in the US and banned in EU) and red
petrolatum (a technical grade form of petrolatum that contains
intrinsic red pigments from crude oil, now used mainly in veteri-
nary medicine). Table 1 summarizes all these UVFs along with
many other compounds not in regular use for sunscreen products
and highlights some associated human and environmental toxici-
ties of these agents, which are detailed in Part 2 of this review.

In the proposed rule, the FDA has designated the remaining 12
currently marketed UVFs (avobenzone, cinoxate, dioxybenzone,
ensulizole, homosalate, meradimate, octocrylene, octinoxate, octi-
salate, oxybenzone, padimate O, and sulisobenzone) to require fur-
ther study (GRASE Category III) on their safety as topical agents
(Table 1). The FDA also raised concerns over the lack of toxicity
data for all UVFs in spray and powder formulations due to potential
risks of inhalation and/or flammability. Another area that requires
more study is the group of sunscreens that also contain insect
repellents.

Another 22 agents await further FDA-regulated testing (FDA-US
CDER 2016 including topical safety studies (irritation, sensitiza-
tion, and photo safety), bioavailability (absorption), and evaluation
of adverse events observed in clinical studies as well as reproduc-
tive and carcinogenic animal studies (Kunz et al., 2006, Weisbrod
et al., 2017) to approval for use in the United States. Ecamsule
(Mexoryl SX) was approved through the FDA NDA process for sale
in the US as an active ingredient in La Roche-Posay products in
2016 and is not listed in the FDA monograph, therefore, no GRASE
categorization was made in the proposed rule (FDA, 2008).

The availability of newer, and more effective sunscreen ingredi-
ents in the US lags behind European countries (Reisch, 2015). The
FDA'’s stringent approval process is slower than the European pro-
cess [EU Cosmetic Regulation (EC No.1223/2009) by the Scientific
Committee on Consumers’ Safety (SCCS). Per federal law, the FDA
classifies new UVFs intended for use in sunscreens (i.e., not already
deemed GRASE) as OTC drugs rather than cosmetics as they are
treated in Europe and other parts of the world (FDA-US, 1978).
Accordingly, these agents require extensive clinical data and NDA
approval to be deemed safe for use in patients.

The Federal Sunscreen Innovation Act (SIA) of 2014 was created
as an alternative process to review the safety and effectiveness of
active ingredients used in nonprescription sunscreen products.
The SIA provides strict deadlines for the FDA to take certain actions
on UVFs contained in sunscreens, but it does not relax the FDA’s
requirement for adequate data to determine the safety and effi-
cacy. The SIA gave the FDA 12 months to respond to the existing
backlog of UVF approval requests and then an additional
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18 months to reply to any future applications. The passing of the
SIA was a major step for the US to expedite the review process of
many UVFs that are already in wide use in European and Asian
countries, but no new filters have been added since 2014. It also
requires the Secretary of Health and Human Services (HHS) to
make determinations on the testing and labeling of aerosol
sunscreens, as well as the question whether any sunscreens can
be labeled with a sun protection factor (SPF) greater than 50 and
any sunscreen products combined with insect repellants.

How to practice safe sun

According to the American Academy of Dermatology (AAD),
sunscreen is a part of a safe and effective comprehensive sun pro-
tection program (AAD.ORG, 2019). The AAD recommends that indi-
viduals seek shade from 10:00am to 2:00 pm; dress to protect skin
from the sun by wearing lightweight long-sleeve shirts, pants,
wide brimmed hats, and sunglasses; and apply a broad spectrum
sunscreen of SPF 30 or higher on areas not covered by clothing
(AAD.ORG, 2019). Another component is UV protective clothing,
which in recent years has improved in availability, style, comfort,
and cost. Some clothing lines (eg. Solumbra, Coolibar) produce only
UV protective garments, but many/most manufacturers of general
clothing lines include some garments made with UV protective
fabric. Fashionable options are available from such manufacturers
as Patagonia, ] Crew, Uniqglo, Mott 50, Solumbra, and Coolibar.

Using a water-resistant, broad-spectrum sunscreen, that are
protective against both UVA and UVB rays with SPF 30 or higher,
has been shown to reduce the risk of developing skin cancer,
decrease the incidence (and severity) of sunburn, and prevent signs
of aging (van der Pols et al., 2006; Green et al., 2011). Sun protec-
tion factor, also known as SPF is a measure of sunscreen efficacy
and is primarily related to the amount of UVB protection it pro-
vides. The SPF is the multiple of times that a standardized amount
of UV filter application (2 mg/cm?) increases the UV threshold to
attain minimal erythema compared to unprotected skin. Therefore
when using a properly applied product with SPF 30, it will take 30
times more UV exposure to burn than without sunscreen (FDA-US
CDER 2017). Note it is only 30 times more time if exposure is under
the exact same time and UV intensity as without the product.

Sunscreen should be applied at least 15 minutes before going
outside. Most adults require one ounce (about 2 tablespoonfuls)
of sunscreen to adequately cover the entire body. It is important
to use a sun-protective lip balm as well. For sustained protection,
sunscreen should be applied every two hours, immediately after
swimming, and after excessive sweating. Few people apply suffi-
cient sunscreen in the first place and even fewer re-apply it as
often as it is recommended. Sunburns are typically a result of
insufficient volume of sunscreen, infrequent reapplication, or using
expired or denatured products (such as those stored in a car glove-
box all summer). It is important to remind patients that UV rays
are present from sunrise to sunset, even on cloudy days, and in
the winter. Furthermore, UVA can penetrate window-glass in
buildings or cars making sun protection a daily necessity.

When visiting their dermatologists, middle-aged and older
adults commonly remark that sun protection was not mentioned
when we were growing up. Nowadays, UVFs are found in many
cosmetic products including facial moisturizers, eye creams, foun-
dations, “beauty balm/blemish balm” (BB) and “color correcting/-
complexion corrector” (CC) creams, primers, lip products, and
even hair styling products. Adding UVFs to a cosmetic product
changes its status from a cosmetic alone to subject to FDA regula-
tions for both cosmetics and drugs. While adding UVFs to cosmetic
products is beneficial, it is rare for a UVF-containing cosmetic pro-
duct to provide adequate protection against both UVA and UVB
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radiation. As a result, individuals who rely solely on their make-up
foundations to provide facial sun protection are likely to be under-
protected (Wadyka, 2019).

Practical issues with sunscreen use

Studies published in the Journal of the American Medical Associ-
ation by Matta et al (May 2019 and Jan 2020) measured plasma con-
centrations of the UVF agents applied under under maximal use
conditions in an effort to meet the Time and Extent Application
(TEA) process mandated in the FDA Final Rule of 2011 (Wang
et al,, 2011; Narla and Lim, 2020). These studies showed systemic
absorption of seven commercially available UVF ingredients tested
(avobenzone, oxybenzone, octocrylene, homosalate, octisalate, octi-
noxate, and ecamsule), making it into headline news and social
media. The authors clearly stated that their findings provide no evi-
dence of systemic toxicity (more on this below) and should not deter
the use of sunscreens. Nevertheless, patients might question
‘whether these products might cause some harm’ ... perhaps even
‘more harm than good?’ Could a protective product they had applied
diligently to themselves and their family members have unexpect-
edly detrimental effects on their health? In response, the AAD re-
emphasized that sunscreens are merely one part of the overall ‘Safe
Sun Program’ and that these products have been used for many dec-
ades to reduce the risk of skin cancer without any reported internal
side effects (Lim, Thomas, Rigel Photoprotection in Photoaging,
Marcel Dekker, 2004; Schneider and Lim, 2019).

Cosmetic acceptability of sunscreen products

Some people find that facial sunscreens do not fully vanish,
despite being rubbed in well, or that they leave a subtle Kabuki-
like white hue to the skin. This residual pallor is often more
conspicuous/apparent/noticeable in photographs than in person
(Bond, 2019). Another concern is that applying make-up on top of
a sunscreen leads to a “pilling” quality/phenomenon. When prod-
ucts with different consistencies are applied to one’s skin, it is often
difficult to create a uniform, smooth surface. This can cause flaking
or pilling of the more superficial products. A Google Search of terms
including ‘best selling facial sunscreens on Amazon, most popular
facial sunscreens and most highly recommended cosmetics contain-
ing sunscreens’ revealed popular brands Olay, EltaMD, Cerave, Neu-
trogena, LaRoche Posay, Purito, Sun Bum with prices ranging from
$2.66 to $22.20 per ounce, (Amazon.com, 2020; Quinn, 2019;
Corsillo and Morrill, 2019). For reference, a similar search of lowest
cost sunscreens for children (containing only ZnO or TiO2) resulted
in prices ranging from $0.61 to $2.16 per ounce.

Many facial sunscreen products are now available in tinted vari-
eties, however not all shades and skin tones are available, which
makes color matching difficult. Tinted products can adhere to fab-
rics and may stain clothing. But tinted sunscreens aren’t the only
ones that can leave a residue behind on clothing. While both chem-
ical and physical sunscreens can leave a residue behind, those with
higher amounts of physical blockers, such as titanium dioxide and
zinc oxide, are more likely to rub off on clothing and leave behind a
chalk-dust-like appearance that can be removed with a variety of
stain removal tricks (Kerr, 2016). An innovative product that may
appeal to women who will be attending public or highly visible
functions but still provide sun protection are powder brush-on
sunscreen products. These are probably best used for reapplication
(i.e., touch up) rather than primary UV protection, which would be
provided for in the foundation. They apply easily and blend in well
on top of make-up. Consumers should note that while cosmetically
acceptable products may feel smoother and provide a more even
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skin tone, they may also have many additive ingredients that can
cause irritant or allergic contact dermatitis.

Chemical sunscreens may cause both allergic and irritant con-
tact dermatitis. Oxybenzone, a UVA chemical filter, is the most
common sunscreen to cause irritant or allergic contact or photo-
contact dermatitis. PABA was a common allergen but is no longer
found in sunscreens. Other sunscreen agents that can cause
photo-allergic reactions include cinnamates, dibenzoylmethanes,
and benzophenones (Lim, Thomas, Rigel Photoprotection in Pho-
toaging, Marcel Dekker 2004), but these potential adverse effects
were not included in the FDA Proposed Rule of February 2019.

Sunscreen use for infants and children

There are sunscreen products that are specifically marketed for
babies but the FDA recommends not using these on infants under
six months of age (FDA-US, 2019). These products tend to contain
only titanium dioxide and zinc oxide as their active ingredients
that work by sitting on the stratum corneum in order to scatter,
reflect, and absorb UVA and UVB. As a result, it may take parents
a longer period of time to evenly apply these physical blockers that
can leave behind a white, pasty appearance. There are other prod-
ucts with some chemical components (Table 1) that help provide
for a more even application but these are not approved for use in
children (FDA-US, 2019). Some delivery vehicles, such as sprays
and rub-on sticks, are regarded as less messy, but they are difficult
to apply evenly. This leads to missed spots and an unfortunate pat-
tern of sunburn. Sprays may also result in inhalation and eye expo-
sure in a fidgeting child.

While in general, sunscreen is recommended for infants six
months of age and older, the best practices for sun safety for
infants less than six months old is to keep them in the shade and
in lightweight, sun protective clothing.. Their skin is immature
and they have a higher surface-area to body-weight ratio, putting
them at risk for greater absorption of the chemicals in sunscreens
(West et al., 1981). In regards to pregnancy and breastfeeding,
there are very limited data on this topic. However, chemical sun-
screens can be absorbed systemically and studies have shown
effects on the fetus of animal models-- covered in greater detail
in Part 2 of this review. Overall, physical blockers are preferred,
however in the case of breastfeeding, they should not be applied
too close to the areola where they may interfere with suckling.

Summary

This review of the practical implications of recent sunscreen
regulations has highlighted that, despite more regulation in the
United States, there is still a lag behind other countries in our
options for UVFs. Irritants, allergens, photoallergens as well as
cosmesis all are points to consider when advising patients about
proper sun protection. The AAD’s Practice Safe Sun Program
emphasizes protection to prevent skin cancer and aging with a
combination of sun avoidance, protective structures, clothing as
well as regular use of sunscreen products, and newer and safer
products along with special considerations for children.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ultsonch.2019.104640. For patient infor-
mation on skin cancer in women, please click on Supplemental
Material to bring you to the Patient Page.
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