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We are delighted to respond to Dr. Surber’s letter and are grateful that he raises some
critical issues that were not appropriate for inclusion in a data-driven scientific paper. It
seems that the primary thesis of his letter is that consumers were responding to our March
2021 publication, and asking industry and physicians about this phenomenon. We think an
engaged and educated citizenry and consumer are the quintessence of a sustainable and
progressive civilization. Industries have recently seen a large social movement of consumers
demanding accountability and improvement regarding their products. Some of this may
have arisen as a consequence of the massive number of lawsuits and demand for recalls
regarding consumer products, such as Johnson & Johnsons’ talcum-based baby powder
products, “No More Tears” baby shampoo (allegedly contained 1,4-dioxane), and the recent
discovery of sunscreen products contaminated with benzene'>. Another critical factor that is
driving this consumer-engagement includes the self-education and motivation of consumers
regarding the kind of ingredients used in the products they consume and their impact on
personal well-being, as well as the products’ecological impacts; consumer choice is moving
in the direction of authentic ecological sustainability®.

We think physician associations have a crucial role to play. There is an expected delay
between the discovery of new science and the integration and translation of that science
into medical and public health practice and messaging>®. For too long, the issue of the safety
and effectiveness of sunscreens has been irresponsibly assumed and unchallenged: that
sunscreens protect against skin cancers. Independent scientists have been questioning this
notion since 1973, and the preponderance of both scientific data, as well as the application
of logical argumentation (vs propaganda rhetoric), are directly challenging these
assumptions”o. The potential outcome of this deeper examination of sunscreens and their
role in skin cancer is a paradigm shift for both the public-health community and industry
stakeholders. In the historical struggle of tobacco smoking and cancer, the Journal of the



American Medical Association solicited and posted cigarette smoking advertisements until
1954 and even published an editorial that same year in JAMA that was later used as a
pedagogical example to illustrate “manufactured doubt”; for decades, much of the medical
community was either ambivalent or skeptical that cigarettes could cause lung cancer'. The
U.S. Surgeon General’s report on smoking and lung cancer was released 25 years after
Ochsner and DeBakey’s 1939 paper arguing for a causal link between smoking and lung
pathologies and cancer’®*. The issue of sunscreen, its individual chemical constituents and
its associations with skin cancer and other pathologies is following a similar trajectory as that
of the history of tobacco and public health. It is crucial that members of the medical
community fully engage in this issue so as to reduce the time curve for the likely outcome
regarding sunscreens and public health.

Sunscreens are meant to protect the health of the individual and the public demographic.
What and how they protect is not straightforward; are sunscreens meant to protect against
UV-induced thiamine dimerization of DNA and/or protect against the occurrence of
oxidative-stress induced DNA lesions such as 8-oxo-dG?14 Are they meant to suppress
cytokine-axis inflammatory responses in the epidermis, and if so, does this increase the risk
of UV-induced carcinogenesis?ls'17 The questions and answers are not simplistic. This issue
requires a critically different perspective in formulating a safe and effective sunscreen
product, one that can recognize the inherent complexities and intricacies when UV radiation
interacts with the skin. As our and Foubert et al (2021)’s scientific works have demonstrated,
the problem of sunscreens requires a deeper examination of the individual constituents of a
sunscreen formula so that formulators and industry can devise truly effective and safe
products that reduce the adverse effects of broad-spectrum UV exposurels’lg.

Surber Critique 1) All syntheses of substances produce by-products that may have to be
removed by subsequent purification processes. This applies both to active pharmaceutical
ingredients and to substances as used elsewhere - e.g., in cosmetics. For this reason,
threshold concentrations are defined in specifications of pharmacopoeias, by raw material
producers or by the manufacturing company of a substance. Absolutely pure substances are
in general non-existent. Indeed, the presence of by- and degradation products (impurities)
always raises questions. According to most legislations, it is the responsibility of the
"responsible person" (terminus technicus) of the manufacturing company to assure that
stipulated and/or defined specifications are met. Threshold concentrations are established
following a comprehensive risk assessment of the impurities. In this context, the authors
unfortunately missed to discuss in detail the complexity (including some inconsistences) of
setting safe threshold concentrations against the background of an entire toxicological data
package and different legislations (not only Proposition 65 (2)) (see section Ad 3).

Response 1) Regardless of whose responsibility it may be, the continual degradation “in a
time-and temperature-dependent manner” of a chemical substance to a known carcinogen
(ingested or topically applied) represents a significant health concern to all. The
“comprehensive risk assessment” noted is unfortunately conducted in a vacuum; meaning
the risk is normally reduced when exposure is from only one source. This is exactly what the
European Food Safety Authority (EFSA) did when concluding that there is “no safety concern
for benzophenone under the current condition of use as a flavouring substance.” This model,
used by many if not all responsible manufacturers, is acceptable when ONLY one source of



exposure is justifiably predicted, and no other contributing sources can be demonstrated.
Unfortunately, benzophenone is a ubiquitous compound with numerous routes of exposure
as noted in IARC’s monograph on benzophenone®.

“Benzophenone is used as a flavor ingredient, a fragrance enhancer, a perfume fixative
and an additive for plastics, coatings and adhesive formulations; it is also used in the
manufacture of insecticides, agricultural chemicals, hypnotic drugs, antihistamines and
other pharmaceuticals. Benzophenone is used as an ultraviolet (UV)-curing agent in
sunglasses, and to prevent UV light from damaging scents and colours in products such
as perfumes and soaps. Moreover, it can be added to plastic packaging as a UV
blocker, which allows manufacturers to package their products in clear glass or plastic
rather than opaque or dark packaging. It is also used in laundry and household cleaning
products.

Benzophenone is widely used as a photoinitiator for inks and varnishes that are cured
with UV light. In addition to being a drying catalyst, benzophenone is an excellent
wetting agent for pigments; it can also be used in printing to improve the rheological
properties and increase the flow of inks by acting as a reactive solvent”?°

IARC also notes that benzophenone can be found in natural foods like muscat grapes, in the
air via atmospheric oxidation of the chemical diphenylmethane, which is released from
residential oil burners and even dentures can contain and release benzophenone. So, when
one looks at the “comprehensive" (cumulative) accumulation of benzophenone, it is
significantly higher than what a single-source exposure-model would predict. This is perhaps
why IARC concluded that benzophenone is “possibly carcinogenic to humans (Group 2B)”
and why octocrylene degradation to benzophenone is of critical concern adding a consistent
and chronic source of exposure (from beach, fragrances and anti-aging products) of a Group
carcinogen to all the other sources of benzophenone exposure.

With respect to “All syntheses of substances produce by-products that may have to be
removed by subsequent purification processes” ... industry has continually misrepresented
this concept, by stating only small amounts of the material are present, making it appear
that the substance has been purified and little to no risk remains. This is simply incorrect; the
issue here has nothing to do with the initial benzophenone impurity within octocrylene as
raw material.

Whether benzophenone is present or not in the raw ingredient (and it is present in the raw
ingredient), benzophenone will continue to be released by octocrylene “in a time- and
temperature-dependent manner”. This is the conclusion that our paper (evaluating 16
octocrylene products) and, to a lesser extent, Foubert et al (2021) (evaluating 28 octocrylene
products) made, that benzophenone is not an impurity of octocrylene manufacturing, but
accumulates through the continual release via degradation in products that were purchased
directly from stores™®*°.

Regarding Proposition 65, there are no safe thresholds for benzophenone in any product.
The law specifies that there is no safe-harbor concentration for benzophenone. As some
legal opinions propound, this court case and the decision do NOT allow for any



manufacturing contamination, and in fact, is a legally recognized incrimination that

octocrylene products from those manufacturers named in the lawsuits (as well as all others)
are all contaminated with benzophenone. The only legal consequence is the Prop65 labeling
of all octocrylene products because the benzophenone contained therein “causes cancer.”*!

Surber Critique 2) The physicochemical properties of benzophenone favor its absorption
through skin (low molecular weight: 182.22 g/mol, low melting point 47.8°C, "ideal"
LogPoctanol/water 3.18). Downs et al. point out the high percutaneous absorption of
benzophenone (70% of the applied dose) from a dermatological product and refer to a paper
by Bronaugh and coworkers (3). This reference is unfortunate. The "dermatological product"
was an acetonic solution (4). Acetone, as a solvent for benzophenone, temporarily dissolves
the intercellular stratum corneum lipids during/after application to the skin. Following the
rapid evaporation of the acetone, the initially dissolved benzophenone subsequently forms a
"depot" in the stratum corneum. Percutaneous absorption of benzophenone in rhesus
monkeys is reported to be 69% of the applied dose at the occluded application site and 44%
at the non- occluded application site. The application of substances dissolved in acetone
followed by occlusion is a mode of application under forced testing conditions that is
unrealistic and only meaningful when other substances are co-tested under the same
conditions and discussed in this particular context. Downs et al. provide incomplete
information and do not discuss the importance of either the application procedure or the
vehicles. It can be assumed that under realistic conditions, e.g., sunscreen formulation,
dermal bioavailability of benzophenone is significant lower compared to the values cited by
the authors. Downs et al. provide incomplete information and do not discuss the importance
of either the application procedure or the vehicles nor the exposure/concentration.

Response 2) Toxicology is a science of worse-case scenarios, because calculating total
exposure to a substance can be unknown and/or extremely difficult as noted above. With
that said, it is not unusual, and is often a justified default position when conducting a hazard
or risk assessment, to exaggerate test conditions to understand the maximum absorption
potential of a substance between different species and/or to cover the biodiversity among
humans???. The selection of acetone (or any solvent) as a vehicle under occlusive conditions
(with or without dermal abrasion) is paramount to understanding the potential absorption of
a substance®*?*. Formulations are not controlled or standardized, nor are products used in
the same manner by the public. For example, what is the absorption potential of a 70%
alcohol aerosolized product containing 10% octocrylene (containing several parts per million
of benzophenone) being sprayed multiple times for “X” number of seconds or minutes a few
inches away from the abraded skin of a two-year-old? The use of exaggerated conditions is a
tool of toxicology that provides adequate safety margins, not a misrepresentation of data to
frighten consumers®*.

Surber Critique 3) In vitro/in vivo investigations are quoted suspecting genotoxicity,
carcinogenicity, and endocrine-disrupting effects of benzophenone.

According to Downs et al., benzophenone is mutagenic and the authors express concerns
about carcinogenicity. In contrast, the European Food Safety Authority (EFSA) (5) classifies
benzophenone as not being of genotoxic concern. This assessment is consistent with the
166 substance evaluation of the European Chemicals Agency (EChA) under REACH (6). In
long-term rodent studies, carcinogenic effects on the liver, kidney, and hematopoietic



system were observed after oral intake. However, no evidence for carcinogenicity after
dermal exposure was found, as also indicated by the International Agency for Research on
Cancer (IARC) and EFSA (7,5).

In principle, it is conceivable that scientific data can be evaluated differently and
subsequently lead to incongruent assessments. However, it is then everyone's duty to point
out the inconsistencies and discuss the possible reasons for the different assessments before
making a judgment. The difference between EFSA's approval as a flavoring, fragrance
enhancer or perfuming agent and a no-safe-harbor substance by Prop65 calls out for a
critical side-by-side comparison (comparable to the detailed comparison of sunscreen
products in the paper by Downs et al., Table 1). It is not useful to point to unrelated
incidents (Ref. 66 in 1) or to the supposedly biased work of industry consultants (Ref. 67, 68
in1).

Downs et al. mention the possible endocrine-disrupting effects of benzophenone and
octocrylene. First of all, the authors failed to carefully distinguish between endocrine activity
and endocrine-disrupting effects. Such distinction is particularly important when
communicating such data to third parties (e.g., the media). Many exogenous factors to
which we are exposed to on a daily basis show endocrine activity (hormonal contraception,
nutritional components, day night shift, etc.). Detection of an endocrine activity of a
substance in a single test assay is not proof of an endocrine-disrupting effect. On the
contrary, different test setups (in vitro and in vivo) must provide such evidence in a weight of
evidence manner. All sunscreen filters used in Europe are approved by the authorities at a
maximum use concentration after rigorous evaluation (8). The endocrine activity is a test
criterion in all approvals, and new findings are continuously incorporated into the
assessment (e.g., Call for data on ingredients with potential endocrine-disrupting properties
used in cosmetic products) (9). The Scientific Committee on Consumer Safety (SCCS) of the
European Commission has recently (March 2021) published the opinion on Octocrylene (10).
The SCCS considers that, whilst there are indications from some in vivo studies to suggest
that Octocrylene may have endocrine effects, the evidence is not conclusive enough at
present to enable deriving a specific endocrine-related toxicological point of departure for
use in safety assessment. It can also be argued that the risk assessment conducted by the
SCCS covers a potential endocrine activity of octocrylene, meaning that systemic endocrine
activity can be excluded considering exposure levels and dermal bioavailability of
octocrylene.

The presentation of Downs et al. gives the impression that they did not consider the entire
toxicological data package available for benzophenone/octocrylene, but only selected
certain studies to draw their own conclusions. With this approach, the authors did not follow
the basic principles of risk assessment to weigh all available information. In addition, and this
is particularly noteworthy, no safety assessment was performed with respect to potential
exposure to benzophenone. This part of the paper is a hazard presentation rather than a risk
assessment.

Response 3) The International Agency for Research on Cancer (World Health Organization)
209 concluded that benzophenone is “possibly carcinogenic to humans (Group 2B)”%. The
US National Toxicology Program (National Institute of Environmental Health Sciences)



concluded that there is “some evidence of carcinogenic activity”?>. Neither study identifies

how the dose administered relates to the “total exposure” humans receive — which is an
“unknown” because the substance is ubiquitous. Both studies administered benzophenone
orally, which is the preferred route of administration for animal carcinogenicity studies,
which is not without its significant caveats as the intestinal microbiome can metabolize the
parent product into more or less toxic metabolites. Regardless of the route of
administration, benzophenone exposure in humans occurs via ingestion, topically and by
inhalation. To understand the “actual” human carcinogenic potential of the chemical the
dose from all exposures must be taken into consideration.

An example of how governmental agencies under-estimate chemical exposure can be found
in previous publications®®*’. Using the 70% absorption level (allows for a safety margin), the
lowest level of benzophenone observed for the samples tested was 98 times the FDA level of
safe use and 7 times the EFSA levels of safe use. The highest level determined for samples
was 6,765 times and 507 times the FDA and EFSA level of banned/safe use, respectively.
More concerning would be the pediatric considerations associated with these findings,
which demonstrated that 2 Kg or 10 Kg children are exposed to hundreds to thousands of
times the FDA and ESFA banned/safe levels. These values were based on using an
octocrylene containing product - as directed - for “one” full day at the beach/pool. Even if
one were to significantly lower the absorption level, octocrylene would still contribute a
significant burden of benzophenone to the body.

With respect to the “no-safe-harbor” level noted about California Proposition 65 above, this
is how industry avoids being legally restricted by the concentration(s) of carcinogenic
chemicals in a product. The levels that specific companies within industry (and the legal
finding does not encompass the contamination of products from other manufacturers)
agreed to (currently < 35 ppm of benzophenone) was done so with “opposing” legal counsel
during numerous lawsuits19. Industry argued that they could control the benzophenone
“impurity” level*>%°, Unfortunately, whoever negotiated the level for industry did not know
or understand that benzophenone is not just an impurity, but it is also a degradation by-
product of octocrylene — meaning that the starting concentration at the time of
manufacturing is not reflective of what accumulates in a product over time*. A 60-Day
Notice of Violation was filed against a large segment of the global cosmetic industry to label
all SPF-products containing octocrylene with a Proposition 65 label that these products
contain a carcinogenzz.

With respect to the SCCS Final Opinion on octocrylene, the Opinion was released
immediately after our paper and Foubert et al (2021) paper were published, and it does
mention that “The SCCS is aware that Octocrylene generates benzophenone (CAS 119-61-9,
EC 204-249 337-6) through a retro-aldol condensation and also that benzophenone was
detected in the pure Octocrylene manufactured ingredient (Dawns et al. 2020).
Benzophenone is a hazardous impurity and degradation product of Octocrylene and it
should be monitored and kept at trace levels”*'. What defines “trace levels?” Are “trace
levels” convenient to the manufacturer with no relevancy to its hazard from the total
exposure and toxicity to the individual/public? Or are “trace levels” defined by honestly
intentioned toxicological risk assessment? For the past 60 years, industry and its operatives
have argued for the allowance of “trace levels” of a contaminant in single product lines. This



disingenuous argument has met some vigorous resistance lately with other contaminants,
such as bisphenols, phthalates, neonicotinoids, heavy metals, polyfluoroalkyl substances
(PFAS), etc and are being countered with the argument that there is “no safe level of
exposure” from individual contaminated products32-35. This is because cumulative
exposure from various sources can pose a palpable and detectable threat, especially at low
concentrations regarding non-monotonic dose/response toxicants that affect neurological
processes or act as endocrine disruptors.

The hazard of exposure becomes even more perilous with propaganda pushing for the use of
sunscreen in front of a computer, driving in your car, etc. - for the whole day, every day.
Cumulative and chronic (perpetual) exposure requires a wholly different set of risk and
hazard assessments, as it tries to integrate non-monotonic and temporal-differential
toxicities and complex and complicated disease etiologies. In 1999, 60 years after the
Ochsner and Debakey 1939 paper, the U.S. Department of Justice sued several tobacco
companies for fraudulent and unlawful conduct regarding their misrepresentation and
manipulation of the toxicology and hazards of tobacco products. In 2006, and again in 2009,
the U.S. judicial system found these industry representatives guilty of RICO36. Industry spent
more than 70 years challenging the validity of the adverse effects of daily and long-term
exposure. Instead of being doomed to repeat the debacles of history, we as a community of
scientists and public health clinicians can circumvent these errors and, in conjunction with
industry stakeholders, pivot from this highly flawed corporate mentality and adopt a
paradigm where innovation and toxicological assessment can merge to produce products
that can be highly effective in protecting against UV damage and its associated diseases, as
well as being truly safe with prolonged and daily use/exposure.

Surber Critique 4) Proposition 65 is a regulation that primarily applies to the state of
California. Other American states have adopted individual regulations. Although three of the
five authors work for European institutions, it is very surprising that no comparisons and
evaluations with other regulations, e.g., the EU, are made.

Response 4) A good example of how industry manipulates Proposition 65 regulations and
287 perhaps the SCCS to their advantage is noted above. The European Chemicals Agency
(EChA), like the US Food & Drug Administration, relies on industry supplying data to
substantiate product safety — which is in general a questionable practice similar to “the fox
guarding the hen house.” A good example of this would be on February 26, 2019 the US
Food and Drug Administration removed octocrylene, along with 11 other organic UV-filters,
from the Generally Recognized As Safe & Effective for human use in sunscreen products
because the scientific literature did not demonstrate its safety®’. Industry has been
requested to provide data for carcinogenicity, developmental and reproductive toxicity, and
toxicokinetics among other things; to date industry has not provided such data. The
correspondence between BASF and the U.S. FDA regarding their petition for Tinosorb S and
Tinosorb M is a perfect example of industry not rising to the challenge and exhibiting
transparency and responsibility in both demonstrating and advocating the safety for these
two chemicals®*®.

We focus on California Proposition 65 because if California were a sovereign nation, it would
rank as the fifth largest economy of the world38. All products containing benzophenone,



meaning all octocrylene-containing products, would need to be labeled at the Point of Sale
as containing benzophenone “because it can cause cancer”39. To varying degrees, the entire
global industry will be affected by this requirement.

Surber Critique 5) The paper by Downs et al. has received considerable media attention in
the German-speaking Europe. Headlines like "Sunscreen from last year may cause cancer"
are making the news in print and online media. The French co-authors were quoted as
saying "If benzophenone gets on the skin, it can trigger rashes, inflammation or
hypersensitivity, but also liver cancer or lymphoma. This has been the case in animal studies.
The molecule affects the thyroid and reproductive organs". They also call for a ban on the
two substances benzophenone and octocrylene.

Inaccurate or poorly reported interviews with scientists and the media's reappraisal of
unbalanced scientific data unsettle rather than inform consumers.

Response 5) You are correct to say that the quality and scientific accuracy of news media on
the subject is variable. The media has been misquoting what people say to the point that it
has become a cultural expectation. Making a story controversial to consumers is what sells
newspapers and magazines, and the standard for scientific accuracy is the original peer-
reviewed articles. However, much of what was reported appears to be accurate and reflects
the actual risk of being exposed to these two chemicals when the “total” exposure is taken
into account. No one knows what level of exposure will actually cause significant health
consequences since no one knows the actual exposure levels consumers are experiencing.
The first rule of toxicology is that it is the dose (total exposure) not the poison
(benzophenone) that matters. This is because benzophenone is a ubiquitous chemical
abundantly found in foods, personal care products, packaging, air, etc., and is not controlled
to minimize exposure in any way shape or form36. Consumers should be concerned, and
regulatory bodies should consider banning benzophenone, octocrylene and other ubiquitous
substances to avoid environmental and human health issues. The flood of questions posed
by consumers are the result of an informed citizenry demanding accountability and
responsibility. It is the mandate of non-profit professional bodies and cancer leagues to
educate the public, and do a better job in educating themselves regarding the scientific
literature and resisting the temptations of industry to promote product propaganda that is
not supported by the available scientific data*>*.

As a final conclusion in addressing Dr. Surber’s letter, we would like to promote the idea of a
precautionary approach to not just the overall safety of commercial products, but in the
innovation and informed formulation of sunscreen technologies. One of the best historical
examples of a precautionary regulatory approach in providing for the safety of commercial
products is the U.S. Federal Food, Drug and Cosmetic Act of 1938, which requires that a drug
product be tested and proved safe before it can be commercialized*?. More recently, the
European Commission has announced the adoption of a European Union regulatory
framework for endocrine disruptors that is based on the Precautionary Principle and aims
“to create a toxic-free environment”*®. Application of the field of toxicology will be essential
in examining all the chemical components of a sunscreen product, and whose results will be
paramount in directing formulators, regulators, physicians, legislators and consumers in



making informed decisions for what is best for public health, as well as for a prosperous
future for the personal care product industry.
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