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ABBREVIATIONS  
 

AE Adverse Event 
AR 
BEMT 
BLQ 

Adverse Reaction 
Bemotrizinol 
Below the limit of analytical quantification 

CRF Case Report Form 
CRO 
DART 

Contract Research Organization 
Developmental and Reproduction Testing 

e.g. 
EU 

for example 
European Union 

GCP Good Clinical Practice 
GMP Good Manufacturing Practice  
IB Investigator’s Brochure 
IEC/IRB Independent Ethics Committee/Institutional Review Board 
IP Investigational Product 
ISF 
LD50  
LLOQ 
LOEL 
LOQ 
MED 
MOS 
 
MTD 
NO(A)EL 
OTC 
OECD 

Investigator Site File 
Acute Median Lethal dose for 50% of dosed animals 
Lower limit of analytical quantification 
Lowest Observed Effect Level 
Limit of analytical quantification 
Minimal Erythemal Dose 
Margin of Safety; the ratio of an animal no-effect dosage to an estimated 
human systemic exposure 
Maximum tolerated dose 
No Observable (Adverse) Effect Level 
Over the counter 
Organization for European Co-operation and Development 

p.o. “per os” - administered via the mouth into the stomach 
SAE 
SCCS 

Serious Adverse Event 
Scientific Committee on Consumer Safety 

SOP Standard Operating Procedure  
SUSAR 
TG 

Suspected Unexpected Serious Adverse Reaction 
Test Guideline 

TMF 
US FDA 
UVA: 
UVB:  
UVR  
vs. 

Trial master file 
United States Food and Drug Administration 
Ultraviolet light (radiation) in the wavelength range 315 to 400 nm 
Ultraviolet light (radiation) in the wavelength range 280 to 315 nm 
Ultraviolet radiation 
versus 
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1.14.4.1 SUMMARY 
The investigational product, 6% Bemotrizinol (BEMT), will be applied topically to 
subjects enrolled in four clinical studies as either a market image sunscreen formulation or 
in petrolatum as a vehicle. BEMT is a photostable broad-spectrum filter, which efficiently 
contributes to UVB and UVA protection across the full range of application forms at low 
concentrations. Such sunscreen UV-filters contribute to public health by preventing skin 
damage (sunburn), reducing skin photoaging and helping reduce the risk of developing 
skin cancer by absorbing UV radiation. As a sunscreen active ingredient Bemotrizinol is 
intended to be formulated for topical sunscreen use in permitted dosage forms, dosing 
regimens and conditions described under FDA’s Sunscreen monograph for Drug Products 
for OTC Human Use (21 CFR Part 352). 
Four independent clinical trials will be conducted at two separate clinical research 
facilities and will evaluate the pharmacokinetic (PK) uptake and systemic exposure from a 
maximal dermal dosing (MUsT) protocol and separately dermal safety (3 studies) of the 
UV filter active ingredient Bemotrizinol (BEMT) at 6% in various representative 
formulations. The study protocols are as follows: 

• Ultraviolet Filter Bemotrizinol: Clinical Pharmacokinetics Evaluation in a Topical 
Maximum Usage Trial (MUsT) (BEMT-001 Part 2) 

• Evaluation of Topically Applied Bemotrizinol for Human Photoallergic Potential 
(DSM PA 2020). 

• Evaluation of Topically Applied Bemotrizinol for Human Phototoxic Potential 
(DSM PT 2020). 

• Evaluation of Bemotrizinol in Human Repeated Insult Patch Test (HRIPT) and 
Cumulative Irritation Test (DSM RIPT 2020). 

A total of 472 subjects will be enrolled in the 4 clinical trials associated with this IB. 162 
subjects will be enrolled in Part 2 of the protocol BEMT-001. This will be an FDA Phase 
3 (pivotal) MUsT study consisting of three arms with 54 subjects per arm, to achieve a 
minimum of 150 completers (50 completers in each arm) as recommended by FDA for 
this study phase. The anticipated total number of subjects that would be enrolled in the 
three dermal Phase 2 safety studies identified in this investigator’s brochure (IB) is 
approximately 310 (50 in Photoallergy, 35 in Phototoxicity and 190 in HRIPT and 35 in 
Cumulative Irritation). As indicated in this IB, the exposure and testing of these subjects 
with BEMT at 6% in sunscreen formulations should be of very low risk for adverse 
clinical effects as demonstrated by a review of the existing body of scientific data which 
exists for BEMT, and the excipients proposed to be used in the test formulations. All four 
clinical trial protocols, test product formulations and Informed Consent Forms (ICFs) 
have been reviewed and approved by the Institutional Review Board (IRB) Advarra, 6100 
Merriweather Dr., Suite 600, Columbia, Maryland, 21044 and all four study protocols 
have been registered with clinicaltrials.gov.  

The MUsT Part 2 (Protocol BEMT-001) will be conducted, as was Part 1, at Spaulding 
Clinical Research, LLC, 525 South Silverbrook Dr, West Bend, Wisconsin, 53095 and is 
an open-label, randomized, 3-arm pivotal study in 162 healthy adult subjects with the 
objective to assess the systemic absorption and pharmacokinetics of BEMT from 3 market 
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image sunscreen formulations under maximal-use conditions. Based on results of MUsT 
Protocol Part 1 pilot phase study, FDA has set forth their recommendations that are 
incorporated into the pivotal phase design. Existing information database of nonclinical 
and clinical test results with BEMT substantiate the human safety of 6% BEMT as will be 
used in the topical exposures of the MUsT protocol. 

The three dermal (FDA Phase 2) safety studies will be conducted at Eurofins | CRL, Inc., 
371 Hoes Lane, Suite 100, Piscataway, New Jersey 08854; the anticipated total number of 
subjects that would be enrolled is approximately 310 (50 in Photoallergy, 35 in 
Phototoxicity and 190 in HRIPT and 35 in Cumulative Irritation). The protocols 
associated with these studies were previously submitted to FDA and amended per FDA 
recommendations under IND No. 146892. Based upon the existing preclinical and clinical 
data associated with BEMT, the exposure and testing of these subjects with BEMT at 6% 
in sunscreen formulations should be considered to present very low risk for adverse 
clinical effects. The results from the MUsT pivotal study together with these dermal 
safety studies with BEMT are expected to adequately support an FDA determination for 
BEMT to be judged as Generally Recognized as Safe and Effective (GRASE).  

All BEMT clinical trials will be conducted under FDA investigational new drug (IND) 
No. 146892 and have been registered with ClinicalTrials.gov.  

1 INTRODUCTION 
Sunscreens are topically applied products that protect the skin from the sun's damaging 
ultraviolet (UV) radiation. Sunscreens work by absorbing or reflecting ultraviolet (UV) 
radiation to help protect against UV-induced skin cancers - as well as sunburns and signs 
of aging (Watson et al., 2016; CDC, 2020; and AAD, 2020). Bemotrizinol (BEMT) is a 
photostable broad-spectrum sunscreen filter which efficiently contributes to UVB and 
UVA protection across the full range of application forms at low concentrations. BEMT 
has been approved globally as a sunscreen active ingredient at concentrations up to 10% 
since 2000 and is currently marketed by DSM Nutritional Products, LLC (“DSM”) under 
the tradename PARSOL® Shield.  

In the United States BEMT is not approved as an active OTC sunscreen ingredient but is 
currently subject to a Food and Drug Administration (FDA) Proposed Sunscreen Order 
(PSO) that was issued on November 13, 2014. Under the PSO, FDA has indicated that 
BEMT is eligible to be considered for inclusion on the OTC sunscreen monograph at a 
maximum concentration of 10%, pending the submission of additional data needed to 
support a generally recognized as safe and effective (GRASE) determination and permit 
its listing on the Sunscreen Monograph.  

BEMT at a maximum concentration of 6% is being sponsored by DSM for inclusion 
under FDA’s OTC Sunscreen Monograph. As part of the safety evaluation for sunscreen 
products, FDA requests that the human systemic absorption of sunscreen ingredients be 
assessed through the conduct of a Maximum Usage Trial (MUsT) in humans (DHHS 
2019). In addition, FDA also requires that human dermal safety studies be conducted, 
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which usually include dermal irritation and cumulative irritation patch testing, dermal 
sensitization patch testing, dermal phototoxicity testing, and dermal photoallergenicity 
testing (FDA 2016).  

A market survey of BEMT-containing formulations and in vitro permeation test (IVPT) 
results were utilized to identify and select the “market image” sunscreen formulations and 
dosage forms that will be evaluated in all BEMT clinical trials. The BEMT test dosage 
forms proposed for all FDA-required clinical trials contain excipients (inactive 
ingredients) that are commonly used in sunscreen and topical drug products throughout 
the world, including the US; are present at levels that are recognized as safe for human 
topical use; and are technically suitable, given BEMT’s physical chemical properties and 
solubility profile. 

It is anticipated that the results of the clinical studies conducted on BEMT, together with 
the findings of other available and planned non-clinical toxicity studies, will allow FDA 
to estimate a safety margin (MOS) for systemic exposure to BEMT. It is also expected 
that the observed safe human exposure level will be well below the exposure level that 
causes toxicity in animals as reflected in the large MOS. 

1.1 Background 
BEMT is being reviewed by the Food and Drug Administration (FDA or Agency) for 
inclusion under the OTC Sunscreen Monograph. As part of the review process, FDA 
recommends that specific data regarding the safety and effectiveness of topical sunscreen 
actives are needed to determine whether a nonprescription (OTC) sunscreen active 
ingredient is generally recognized as safe and effective (GRASE) (FDA 2016).  

The FDA requirements for topical sunscreen products stipulate that human 
pharmacokinetic testing with maximal dermal dosing (MUsT) protocols be followed to 
evaluate the systemic exposures with the drug ingredient. Additionally, according to the 
FDA guidance, human dermal safety studies for topical products in which exposure to 
light after application is anticipated generally consist of two sets of studies, those 
conducted without specific exposure to light and those conducted to assess reactions after 
ultraviolet exposure (photosafety studies). These study sets usually consist of dermal 
irritation patch testing, dermal sensitization patch testing, dermal photoallergy testing, and 
dermal photoallergenicity testing.  

DSM Nutritional Products (DSM) has been providing BEMT (under the tradename of 
PARSOL® Shield) as a UV light absorber for use in sunscreens and personal care 
cosmetic products globally since 2016, whereas BEMT has globally been used as a UV 
light absorber since 2000. From completed nonclinical safety testing results, BEMT at 
concentrations up to 10% has been shown to be safe for use in human topically applied 
products for all age groups. 

 

The large body of nonclinical evidence available for BEMT indicates that BEMT is not a 
toxicologically active substance and does not indicate concern for human adverse effects 
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from prolonged topical use in clinical studies at a maximum concentration of 6%. A 
review of the body of non-clinical legacy test data for BEMT, available in FDA Docket 
2005-N-0453 and of DSM in vitro test reports, indicated the following about BEMT: 

• no adverse effects from maximal single oral and topical applications, 
• absence of genotoxic effects with or without UV irradiation, 
• it is not a photoirritant topically and is not a skin contact sensitizer with or without 

UV irradiation,  
• is not photocarcinogenic in mice and is photoprotective for UV-induced dermal 

carcinogenicity, 
• did not reveal adverse effects in any aspect of the full developmental and 

reproductive cycle of rodents and rabbits,  
• not interactive with any aspects of the endocrine system, 
• no adverse effects or target organs revealed after subchronic or chronic dermal and 

oral dosing. 
A series of recent in vitro study results for local tolerance by skin irritation and 
sensitization and bacterial mutagenicity sponsored by DSM did not reveal adverse effects 
or a predicted difference from the legacy test results. A recent nonclinical PK study in rats 
dosed at 1000 mg/kg/d once or daily for 20 days indicated maximum plasma BEMT 
concentrations of only about 3 ng/ml a concentration plateau around 1.5 ng/ml without an 
increasing and with a linear return to pre-dosing conditions. A single daily dose for a 5-d 
or 28-day oral gavage test up to 1500 mg/kg/d to mice indicated 14-d and 28-d BEMT 
systemic exposures below 10 ng/ml and an absence of adverse effects in any dose group. 

These study results support concluding that the DSM form of BEMT (PARSOL Shield) is 
equivalent to the historical test substances that were considered as a USP grade drug 
substance. 

Bemotrizinol is chemically stable, does not photodegrade under high UV exposures, has 
very limited bioavailability and is metabolically stable under physiological conditions. 
Therefore, metabolites or moieties of concern are not known from any of the completed 
tests with the usual purity (>99%) of BEMT as is used in consumer products. 

Clinical controlled testing has not demonstrated adverse events (AEs) for topical 
applications to assess local tolerance including skin irritation and sensitization without or 
with UV radiation exposures. Regulatory agencies including those in Europe, Japan, 
Canada, and others, have reviewed the safety data and granted approval for use in topical 
products sold in their respective markets. 

 

 

1.1.1 Basis for Selection of Drug Product Formulations 
Details regarding the formulations and dosage forms to be used in the clinical studies are 
presented Section 2.2. General background information on the selection process for the 
investigational drug product formulations to be used is presented below.  
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The formulations and dosage forms to be used in the clinical studies were selected based 
on FDA guideline regarding the selection of market image sunscreen formulations and the 
results of standard design in vitro percutaneous penetration testing (IVPT) with human 
skin membranes. The formulation with the highest percutaneous penetration in the IVPT 
was used in the pilot clinical PK study (BEMT-001) and will also be used in the 
subsequent dermal safety testing and pivotal MUsT. The pivotal MUsT protocol is a 
phase 3 test and will also use two additional 6% BEMT formulations with larger subject 
panels for the 3-arm study design that has been previously reviewed and agreed to by 
FDA. The test dosage forms to be used for the pivotal MUsT Part 2 or the dermal safety 
tests each contain excipients (inactive ingredients) that are commonly used in sunscreen 
and topical drug products throughout the world, including the US; are present at levels 
that are recognized as safe for human topical use; and are technically suitable, given 
BEMT’s physical chemical properties and solubility profile. 

Two sequential IVPTs have been conducted. In the first test (IES 2020), five formulations 
representing “market image” dosage forms with 6% BEMT and commonly used and safe 
inactive ingredients for sunscreens were used. Based on FDA recommendation, the 
formulation chosen for evaluation in the MUsT pilot phase was the one identified from 
the IVPT that demonstrated the highest skin absorption with a permeation enhancer. 
W h i l e  t h e  IVPT results did not show a statistically significant difference between 
the highest skin penetration from the sunscreen oil formulation compared to the same 
formulation type containing a permeation enhancer, the sunscreen oil containing 10% 
ethanol as skin penetration enhancer was selected to be tested in the pilot MUsT study. 
This formulation contained butyloctyl salicylate, which is a commonly used inactive 
sunscreen ingredient with good solubility, viscosity, and permittivity attributes for BEMT. 

Upon FDA recommendation, a second IVPT (BASF, 2022) was conducted to 
investigate the effect of butyloctyl salicylate on dermal penetration/absorption of 
BEMT. The formulations tested in the second IVPT (with or without butyloctyl 
salicylate) showed that the penetration/absorption of BEMT was similar and in the 
same range as in the first IVPT study. However, to rule out any possibility of butyloctyl 
salicylate influencing the dermal penetration/absorption of BEMT, butyloctyl salicylate 
was removed from all formulations to be used in all further clinical trials, including the 
pivotal MUsT. Hence, to maintain “linkage” between the human bioavailability and 
pharm-tox data, the formulation shown to have the highest in vivo absorption, 
expected to be the Sunscreen oil formulation (i.e., SU E 101413 85), was also 
incorporated into the dermal safety testing protocols. Below is a summary of the 
formulations and dosage forms to be used in the clinical trials. 

In the Pivotal (FDA Phase 3) MUsT (BEMT-001 Part 2) the following formulations will 
be used: 
 

• BEMT, PARSOL® Shield, 6%, with suitable solubilizers, Formulation SU-E-
101413-85: Sunscreen oil with 10% alcohol as penetration enhancer 

• BEMT, PARSOL® Shield, 6%, with suitable solubilizers; Formulation SU-E-
101413-87: Oil-in-water (O/W) emulsion 



DSM IND 146982 

Bemotrizinol (BEMT) 

 

 

Module 1.14.4.1        Page 10 of 76 

 

Confidential 

• BEMT, PARSOL® Shield, 6%, with suitable solubilizers, Formulation SU-E-
101413-89: Water-in-oil (W/O) cream emulsion 
 

In the dermal safety protocols, the following formulations will be used: 
 

• SU E 101413 85: Sunscreen oil with 6% BEMT (PARSOL® Shield) and 10% 
ethanol as penetration enhancer 

• SU E 101413 91: Sunscreen oil vehicle (without active) and 10% ethanol as 
penetration enhancer 

• SU-E-101413-82: Dispersion of 6% BEMT (PARSOL® Shield) in petrolatum 
o Notes: 

 The use of the formulation with 6% BEMT in a single 
solvent/dispersing agent (SU-E-101413-82) is intended to exclude 
potential cross-reactivities that could result in unexpected false 
positive findings from the inactive ingredients used in the 
sunscreen oil formulation. Petrolatum was found to be a suitable 
and common excipient (listed on FDA’s inactive ingredient 
database) for UV filters tested in human dermal safety studies. 

 A control without active will also be used in parallel: Petrolatum 
vehicle SU-E-101413-83 

 

1.1.1.1 Results from BEMT Pilot MUsT (BEMT-001 Part 1) 
The following findings from the Pilot Part 1 (FDA Phase 1) MUsT study (NCT04355286) 
were used to modify the Part 2 Pivotal (FDA Phase 3) MUsT protocol BEMT-001: 

• Absorption of 6% BEMT after topical administration was very limited, with only 
4.3% of the PK samples (13/299) having concentrations equal to or higher than the 
LLOQ of 0.5 ng/mL. 

• Seven of 14 subjects (50%) had a total of 13 quantifiable concentrations above the 
FDA threshold (i.e., >0.5 ng/mL), with values of 0.56 to 2.29 ng/mL. Overall, Cmax 
was 0.55 (0.72) ng/mL (mean, (SD); secondary analysis). 

• There was no evidence of BEMT accumulation or steady-state BEMT concentrations 
above 0.5 ng/mL. 

• Overall, 8 of 14 subjects (57.1%) reported at least 1 TEAE. Of the 8 subjects with 
TEAEs, 7 subjects (50.0%) reported TEAEs that were considered mild in severity and 
1 subject (7.1%) reported TEAEs considered moderate in severity. One subject 
reported TEAEs of erythema and urticaria that were moderate in severity and led to 
discontinuation from the study. No severe TEAEs, serious AEs, or deaths were 
reported.  

• Overall, topical applications of 6% BEMT in sunscreen oil with suitable solubilizers 
and 10% alcohol as penetration enhancer applied 4 times daily for 4 days were safe 
and well tolerated by the healthy adult male and female subjects in this study. 
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1.1.2 Pivotal MUsT Study (BEMT-001 Part 2) 
The Part 2 Pivotal MUsT is an open-label, randomized, 3-arm study in 162 healthy adult 
subjects with the following primary objective: 

• To assess the systemic absorption and pharmacokinetics of BEMT from 3 market 
image sunscreen formulations under maximal-use conditions. 

A total of 162 subjects will be enrolled in Part 2 of BEMT-001 (54 subjects per study 
drug formulation arm) to achieve a minimum of 150 completers (50 completers in each 
arm) as recommended by FDA for this study phase. The Part 2 test panels will include 
adequate representation of male and female subjects, subjects of all ages including a 
sufficient number of elderly subjects, and subjects of different races. 

As in Part 1, approximately 2 mg of sunscreen formulation per 1 cm2 of body surface will 
be applied topically 4 times per day for 4 days (every 2 hours for 6 hours) to at least 75% 
of the body surface area. Each application will be prepared by a pharmacist according to 
the randomization schedule and the body surface area of the randomly assigned subject 
calculated using the Du Bois method. The weight of study drug will be measured and 
recorded both before and after dosing for each subject. Subjects will be in swim wear 
during dosing and will be confined to the CRU during the study. 

PK blood samples of about 10 mL per sample will be collected for the determination 
of BEMT plasma concentrations at the following time points (relative to the initial dose 
on Day 1): 
 
 Dosing (hour relative 

from first dose) 

Blood sampling (hour relative from first dose) 

Day 1 0, 2, 4, 6 0 (within 30 minutes before first application), 2, 4, 8, 12 

Day 2 24, 26, 28, 30 23.5, 28, 32 

Day 3 48, 50, 52, 54 47.5, 52, 56 

Day 4 72, 74, 76, 78 (last) 71.5, 74, 75, 76, 77, 78, 79, 80, 82, 84, 86 

Day 5 – 96 

 

The duration of participation will be approximately 50 days, including a 45-day screening 
period, a 4-day treatment period (Days 1-4), and subjects leaving the CRU on Day 5. On 
Day 12, End-of-Study activities will be completed. The Pivotal MUsT plasma samples 
will be analyzed for BEMT with the analytical method modified from the Part 1 pilot 
study LOQ of 0.5 ng BEMT/mL as validated recently to a lower limit of BEMT 
quantification (LLOQ) of 0.1 ng/mL. 
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1.1.3 Dermal Safety Tests 
Below is a brief overview of the objectives and purpose for each dermal study. All 
clinical trials will be conducted in compliance with the specific clinical trial protocol, 
applicable Good Clinical Practices, and applicable regulatory requirement(s). In the 
context of the Coronavirus (COVID-19) pandemic, the clinical site will follow all FDA, 
Centers for Disease Control and Prevention (CDC), and institutional review board (IRB) 
recommendations in its oversight and conduct of the trial. This may include changing the 
schedule of follow-up visits if it is considered necessary after a full risk/benefit analysis. 

In the photoallergy and phototoxicity studies we intend to test a concentration of 6% 
BEMT, which will be the maximal concentration nominated for the OTC Sunscreen 
monograph. The photoallergy and phototoxicity tests will follow FDA’s general 
recommendations for photoallergy and phototoxicity testing contained in their S10 
Photosafety Evaluation of Pharmaceuticals Guidance for Industry. (FDA 2015). The 
Human Repeat Insult Test (HRIPT) is a commonly executed method for determining the 
potential of an investigational product to elicit dermal irritation and/or induce 
sensitization. HRIPT testing presents exaggerated use conditions, exceeding typical 
exposure conditions for topical products, to determine sensitization potential in low-risk 
investigational products (FDA 2015).  

Each of the Dermal Safety tests will be conducted at Eurofins | CRL, Inc., 371 Hoes Lane, 
Suite 100, Piscataway, New Jersey 08854 (CRL Study Number: CRLNJ2020-0494). For 
the phototoxicity and photoallergy studies, the CRL Principal Investigator will be Gladys 
Osis, MT Manager, Photobiology, the Sub-Investigator, Winston Moy, MD, Diplomate, 
American Board of Dermatology. For the HRIPT and Cumulative Irritation test the CRL 
Principal Investigator will be Samantha Poweski, Manager, Advanced Clinical Services, 
the Sub-investigator Winston Moy, MD, Diplomate, American Board of Dermatology.   

The Institutional Review Board (IRB) (Advarra, 6100 Merriweather Dr., Suite 600, 
Columbia, MD 21044; 410-884-2000) has reviewed and approved each of the clinical trial 
protocols, investigational test product formulas, and assocaited Informed Consent Forms 
(ICF) in accordance with Title 21 of the Code of Federal Regulations (CFR), Parts 50 and 
56.  

Before entry into a clinical trial, all subjects must give voluntary written consent to 
participate by signing the ICF. All adverse events will be promptly recorded and 
sufficiently documented by the Principal Investigator or designated medical staff in the 
source documentation and case report form, even if the adverse event is assessed as 
unlikely to be related to the clinical trial by the Principal Investigator or designated 
medical staff. In the event of an adverse event related to the clinical trial, follow up 
contact with the subject will be maintained by the investigational staff until the adverse 
event has been resolved. 

 

In each of the dermal safety studies the following skin-site scoring system will be 
used to evaluate the irradiated area within the  treated test site after UV exposure. 
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Any other reaction on the treated/irradiated site outside the irradiated area will be 
scored and recorded. 

 

Dermal site reaction gradings: 
Grading 

scale for 
Erythema 

 Grading Scale for dermal response 

Description e = Edema 

0 No visible skin reaction P = Peeling 
+ Barely perceptible erythema S = Spreading of reaction beyond irradiated site. 

1+ Mild erythema Sc = Scabbing 
2+ Well defined erythema d = Dryness/scaling 
3+ Severe erythema D = Oozing, crusting, and/or superficial erosions 

  I = Itching 

  Pa 
V 

W 

= Papules 

= Vesicle 

= Weeping 
  Hr = Hyperpigmentation 
  Ho = Hypopigmentation 
  M = Missed Visit 

 

1.1.3.1 Photoallergy Study (DSM PA 2020) 
A photoallergic effect occurs only after repeated exposure to an offending agent. In 
photoallergy, the photosensitizing molecule, as with photoallergic molecules, absorbs 
ultraviolet light of a specific wavelength (short wave - UVB spectra; 290-320 nm). The 
activated state leads to a photochemical change in the molecule itself which then results in 
the formation of an allergic compound. A photoallergic effect is induced by UVB spectra 
during an Induction Phase and elicited by long wave UVA wavelengths (320-400 nm) 
during the Challenge Phase. The clinical manifestations of photoallergy can be 
eczematous, urticarial, lichen planus-like, and/or sunburn-like reactions. 

The primary endpoint of this clinical trial is to evaluate the potential of a test material to 
produce a photoallergic response. As such, the objective of this study is to evaluate the 
potential of investigational product, 6% Bemotrizinol in a suitable vehicle (i.e., sunscreen 
oil SU E 101413 85) or petrolatum (SU-E-101413-82) to produce a photoallergic 
response after application to the skin of human subjects followed by exposure to UV 
radiation. The purpose of this clinical trial is to evaluate the safety of the investigational 
products to determine whether 6% bemotrizinol is generally recognized as safe and 
effective (GRASE) for use under FDA OTC sunscreen drug monograph (FDA 2016). 
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Up to 50 subjects will be enrolled in the study in an attempt to complete with 45 subjects. 
Attempts will be made to stratify the study population for sex, age and race. 
Approximately 0.15 g of each investigational product or vehicle controls will be applied 
to the fabric portion of separate patches with occlusive strips; an un-dosed patch will also 
be used. For evaluation of photoallergy, during the Induction Phase, the sites are 
irradiated with 2 times the subject's MED (full spectrum wavelengths UVB 290–320 nm 
and UVA 320-400 nm) J/cm2 UVA. In the challenge phase, the sites will be irradiated 
with a dose of 10 J/cm2 of UVA light (320–400 nm) using cut-off filters to block UVB 
wavelength 290-320 nanometers. 

This clinical trial will require subject involvement for 20 days for 4 weeks in a 6-
weekperiod. Subjects will report to the laboratory on Day 1 for informed consent, 
verification of enrollment criteria, dermal grading, MED Irradiation and application of the 
investigational products and vehicle control under occlusive patches. Subjects will return 
approximately 24 hours later on Day 2 for patch removal, dermal grading of the sites, 
MED evaluation, and test site irradiation. Subjects will return to the laboratory for dermal 
grading and patch application. This procedure is carried out twice weekly for a total of six 
applications and post-irradiation grading. Approximately two weeks after the last 
induction visit, subjects return to the clinic for patch application. After approximately 24 
hours the patches are removed, and the sites are graded followed by the UVA irradiation 
of the designated sites. The sites are evaluated 24, 48 and 72 hours after the UVA 
exposure. 

If a grade ≥2+ erythema is observed after patch removal on the site designated for 
irradiation, the site will not be irradiated, regardless of the dermal response of the non-
irradiated site and the subjects will be discontinued by the Principal Investigator from the 
study. The dermal response will be followed up until resolution or until the end of the 
study. 

1.1.3.2 Phototoxicity Study: DSM PT 2020 
Photodermatitis is a form of contact dermatitis characterized by an eczematous reaction 
confined to light-exposed skin sites. When such a skin response develops after a single 
test material exposure coupled with ultraviolet light irradiation, it is considered a 
phototoxic effect analogous to a primary irritant effect observed independent of light 
exposure. Phototoxicity implies a non-immunologic state in which a photosensitizing 
molecule absorbs quantities of light in the UVB (290-320 nm) and UVA (320-400 nm) 
regions (Api et al 2008). A phototoxic effect on the skin clinically resembles a severe 
sunburn (Api et al 2008). Phototoxicity testing is performed clinically via photopatch 
testing. 

Phototoxicity testing presents minimal risk of causing skin irritation, or the potential 
benefit of the material warrants the testing (McNamee 2008). Reactions may consist of 
mild to heavy erythema, swelling, itching, cracking, peeling, or, in rare cases, blistering 
and /or an allergic reaction may occur of the test site. Reactions to the tape adhesive may 
also be observed (McNamee 2008). 
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The primary endpoint of this clinical trial is to evaluate the potential of a test material to 
produce a phototoxic response. This clinical trial will assess the phototoxic potential of a 
test material, compared to a vehicle control and a negative control. The objective of this 
study is to evaluate the potential of investigational product, 6% bemotrizinol in a suitable 
vehicle (i.e., sunscreen oil SU E 101413 85 or petrolatum SU-E- 101413-82) to produce a 
phototoxic response after application to the skin of human subjects followed by exposure 
to UV radiation. The purpose of this clinical trial is to evaluate the safety of the 
investigational products to determine whether bemotrizinol (6%) is generally recognized 
as safe and effective (GRASE) for OTC topical drug sunscreen use following FDA’s  
nonprescription sunscreen drug products safety and effectiveness data guidelines (FDA 
2016). 

Up to 35 subjects will be enrolled in the study in order to complete with 30 subjects. 
Attempts will be made to stratify the study population for sex, age and race. This clinical 
trial will require subject involvement for 5 consecutive days. Subjects will report to the 
clinical site on Day 1 for informed consent, verification of enrollment criteria, dermal 
grading, MED irradiation and application of approximately 0.15 g of the investigational 
products and vehicle control under occlusive patches; an un-dosed negative control patch 
will also be used. Subjects will return approximately 24 hours later on Day 2 for patch 
removal, dermal grading of the sites, MED evaluation, and test site irradiation. Subjects 
will return to the laboratory for dermal grading approximately at 24 hours or 48 hours 
after patch application. An additional 72 hours visit, following irradiation, will be 
scheduled to follow up any dermal response at 24 or 48 hours. 

For evaluation of phototoxicity, the sites are irradiated with 0.5 of the subject's MED (full 
spectrum wavelengths UVB 290–320 nm and UVA 320-400 nm) followed by 5 J/cm2 
UVA (320-400 nm) using cut-off filters to block UVB wavelength 290-320 nanometers.   

If a grade ≥2+ erythema is observed after patch removal on the site designated for 
irradiation, the site will not be irradiated, regardless of the dermal response of the non-
irradiated site and the subjects will be discontinued by the Principal Investigator from 
the study. The dermal response will be followed up until resolution or until the end of 
the study. 

1.1.3.3 HRIPT and Cumulative Irritation Study: DSM RIPT 2020 
HRIPT presents minimal to no risk of causing skin sensitization, or the potential benefit 
of the material warrants the testing (McNamee et al. 2008).  HRIPT risks include dermal 
irritation and skin sensitizations, which may present as erythema, edema, papules, 
vesicular eruption, or other effects of irritation or sensitizations on or around the test site 
(McNamee et al. 2008). Reactions to the tape adhesive may also be observed (US DHHS 
2018). 

 

The primary endpoints of this clinical trial are to determine the potential of a test material 
to elicit dermal irritation or to induce sensitization following repeated patch applications 
and in a subset of subjects to determine the cumulative irritation potential of a test 
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material applied topically over a 21-day period. The first objective of this study is to 
determine the potential of 6% bemotrizinol (BEMT) either in a basic sunscreen oil 
formulation (SU E 101413 85) or as dispersion in petrolatum (SU-E-101413-82) to elicit 
dermal irritation and induce sensitization following repeated patch application. The 
second objective of this study is to determine the cumulative irritation potential of 6% 
bemotrizinol (BEMT) either in a basic sunscreen oil formulation (SU E 101413 85) or as 
dispersion in petrolatum (SU-E-101413-82) topically applied to the skin of human 
subjects over a consecutive 21-day period. 

The cumulative irritation endpoint is assessed by repeated daily patch applications 
intended to represent continuous daily use of the test ingredient, 6% BEMT, with 
observation of test site skin responses for indications of increasing adverse response to the 
test article. Available clinical and nonclinical test results indicate BEMT is without a 
cumulative skin irritation potential. 

The purpose of this clinical trial is to evaluate the safety of the investigational products. In 
the present dermal sensitization patch testing study, a concentration of 6% BEMT will be 
used, which will be the maximal concentration nominated for the OTC sunscreen 
monograph.  

This clinical trial will require subject involvement for approximately 6 weeks. 
Approximately 225 subjects (190 for RIPT and 35 for Cumulative Irritation) will be 
enrolled in this clinical trial. Attempts will be made to stratify the study population for 
sex, age and race. Subjects will report to the laboratory on Day 1 for informed consent, 
verification of enrolment criteria, dermal grading, and application of about 0.2 g of the 
investigational products, vehicle controls, saline control, or an un-dosed negative control 
patch under occlusive conditions. Subjects will return three times a week for three weeks 
for the duration of the Induction Phase for dermal evaluations and patch applications. The 
subset of subjects also participating in the cumulative irritation portion of the study will 
return every day, including weekends, for three weeks for dermal applications and 
evaluations. 

1.2 Application Number  
IND number: 146892. Note: BEMT safety and regulatory information previously 
submitted to FDA is contained in OTC Docket Number FDA-2005-N-0453. 

1.3 Rational for Conducting Research on the Drug Substance 
The results of these investigations along with other existing and planned studies will 
support an FDA determination that BEMT (6%) is generally regarded as safe and 
effective (GRASE). Such a determination will permit FDA to include BEMT (6% max.) 
as an active ingredient for sunscreen use under FDA’s monograph for Sunscreen Drug 
Products for OTC Human Use (21 CFR Part 352). 
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2 PHYSICAL, CHEMICAL, AND PHARMACEUTICAL PROPERTIES AND FORMULATION 

2.1 Active Ingredient 
 

2.1.1 Established Name (USAN:INN) 
Bemotrizinol (BEMT) 

 

2.1.2 Chemical Names 
CAS Registry Number: 187393-00-6 

UNII-PWZ1720CBH 

Bis-ethylhexyloxyphenol Methoxyphenyl Triazine  

2,4-Bis[(4-(2-ethyl-hexyloxy)-2hydroxy-phenyl]-6-(4-methoxyphenyl)-(1,3,5 triazine) 

5-(2-ethylhexoxy)-2-[4-[4-(2-ethylhexoxy)-2-hydroxyphenyl]-6-(4-methoxyphenyl)-
1,3,5-triazin-2-yl]phenol 

 

2.1.3 Marketed Trade Names 
PARSOL Shield 

TINOSORB S 

2.1.4 Chemical Structure 
 

  
 

2.1.5 Pharmacological Class and Indication 
Broad-spectrum UVA and UVB filter intended for use as a topical sunscreen active ingredient 
(maximum concentration 6%) under FDA’s Sunscreen monograph for Drug Products for OTC 
Human Use (21 CFR Part 352). Indication: helps prevent sunburn and others allowed per: 21 CFR 
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2.2.5 Instructions for the Storage and Handling of the Dosage Forms 

2.2.5.1 MUsT Pivotal BEMT-001 Part 2 
The test product dosage formulation will be packaged and labeled in bulk form into 5.0 L 
HDPE bottles with a wide neck opening. The dosage forms should be stored at room 
temperature conditions (4°C – 50°C) as indicated on the bulk container label. The product 
will be dispensed on the day of application directly from the bulk container into the 
containers from which it will be dispensed to the subjects.   

The Pharmacy Unit will dispense the investigational dosage form via weigh boats, 
beakers or syringes, depending on the product. In Part 2 the cream will involve the use of 
weigh boats, syringes will be weighed before and after application.  Each weigh boat, 
beaker or syringe to be used will be labeled by the Pharmacy with bar-coded labels. The 
labels will include the protocol number, the subject number, day and timepoint and a 
barcode which links all of these data points into the study database. Copies of the bulk 
drug draft labels, together with the labels to be used by the Pharmacy for dispensing the 
investigational dosage forms are provided in Appendix 1. 

2.2.5.2 Dermal Safety Tests 
The test product dosage formulation will be packaged and labeled in bulk form into 
appropriate HDPE bottles with a wide neck opening. Following test material volumes will 
be separately filled for each test formulation:  

• RIPT/Cumulative Irritation: 2 L 
• PT: 250 mL 
• PA: 1 L  

The dosage forms should be stored at room temperature conditions (4°C – 50°C) as 
indicated on the bulk container label. The product will be dispensed – on the day of 
application – directly from the bulk container to the containers from which it will be 
dispensed to the subjects.   

Copies of the bulk drug draft labels, together with the labels to be used by the Pharmacy 
for dispensing the investigational dosage forms are provided in Appendix 1. 

3 BEMT NONCLINICAL STUDIES 
Summarized in the following sections are information and results from the non-clinical 
and clinical testing of bemotrizinol (BEMT) as recently conducted under this IND or from 
legacy studies taken from a publicly available Time and Extent document and the 
associated clinical and non-clinical study reports submitted to the US FDA Docket no 
2005-N-0453 (CIBA 2000). 

The large body of nonclinical evidence available for BEMT indicates that BEMT is not a 
toxicologically active substance and does not indicate concern for human adverse effects 
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from prolonged topical use in clinical studies at a maximum concentration of 6%. A 
review of the body of non-clinical legacy test data for BEMT, available in FDA Docket 
2005-N-0453 and of DSM in vitro test reports, indicated the following about BEMT: 

• no adverse effects from maximal single oral and topical applications, 
• absence of genotoxic effects with or without UV irradiation, 
• it is not a photoirritant topically and is not a skin contact sensitizer with or without 

UV irradiation,  
• is not photocarcinogenic in mice and is photoprotective for UV-induced dermal 

carcinogenicity, 
• did not reveal adverse effects in any aspect of the full developmental and reproductive 

cycle of rodents and rabbits,  
• not interactive with any aspects of the endocrine system, 
• no adverse effects or target organs revealed after subchronic or chronic dermal and 

oral dosing. 
A series of recent  in vitro study results for local tolerance by skin irritation and 
sensitization and bacterial mutagenicity sponsored by DSM did not reveal adverse effects 
or a predicted difference from the legacy test results. A recent nonclinical PK study in rats 
dosed at 1000 mg/kg/d once or daily for 20 days indicated maximum plasma BEMT 
concentrations of only about 3 ng/ml a concentration plateau around 1.5 ng/ml without an 
increasing and with a linear return to pre-dosing conditions. A single daily dose for a 5-d 
or 28-day oral gavage test up to 1500 mg/kg/d to mice indicated 14-d and 28-d BEMT 
systemic exposures below 10 ng/ml and an absence of adverse effects in any dose group. 

These study results support concluding that the DSM form of BEMT (PARSOL Shield) is 
equivalent to the historical test substances that were considered as a USP grade drug 
substance. 

Based on these in silico predictions and the in vivo results with bemotrizinol, it is 
concluded to be without concern for its absorption, accumulation systemically, or for 
biotransformation metabolically or by UV irradiation to metabolites or moieties of 
relevance for secondary effects of exposure to bemotrizinol. 

3.1 Nonclinical pharmacology 
Specific studies to assess nonclinical pharmacological effects of bemotrizinol have not 
been conducted. Bemotrizinol is intended for topical application as a UV light absorber 
from which pharmacological action or effects are not an intended effect of the substance. 
The completed non-clinical toxicity studies did not reveal outcomes indicative of any 
pharmacological effects.  
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3.2 Pharmacokinetics and product metabolism in animals 

3.2.1 In Vitro Percutaneous Permeation Test (IVPT) with Human Skin 
Membranes 

A first IVPT was performed under GLP and following OECD Guideline no. 428 (2004) 
with consideration of the Guidance Notes on Dermal Absorption No. 156 from OECD 
(2011) and determined the in-vitro dermal absorption of [14C]-bemotrizinol in five 
different cosmetic formulations, each at a concentration of 6% (w/w) BEMT applied on 
human skin membranes. The primary use of the results is selection of the dosing 
formulations to use in the human Maximum Usage Trial (MUsT). The five sunscreen 
formulations included 2 oil-based sprays, with and without 10% alcohol, 2 oil-in-water 
emulsions without and with a penetration enhancer, and a water-in-oil cream emulsion, 
each applied at nominal 2 mg/ cm2 of skin to groups of flow-through diffusion cells 
exposed for 24h. 

Penetration of radiolabeled test item through the membranes was below the limit of 
quantification (LOQ; 0.1%) in all groups throughout the exposure period so the 
cumulative LOQ values were used as a worst-case penetration amount; a flux rate could 
not be estimated. The total skin permeation results were 1.35 % and 0.85 % for the oil 
formulations (A1 and A2, respectively), 0.34 % and 1.07 % for the oil in water emulsions 
(Formulations A3 and A4, respectively), and 0.67 % for the water in oil emulsion 
(Formulation A5). The overall total absorbed dose by dermal permeation of BEMT did 
not differentiate the formulations tested and was 0.34-1.35 % of the applied dose. The oil 
formulation (A1) without alcohol was at a maximum of 1.35 + 0.7% of applied dose 
amongst all tested formulas. (Hassler 2019). 

Upon FDA recommendation, a second IVPT (Project No. BASF Study 10B0377/21B110) 
was conducted to investigate the effect of butyloctyl salicylate on dermal 
penetration/absorption of BEMT. The formulations tested in the second IVPT (with or 
without butyloctyl salicylate) showed that the penetration/absorption of BEMT was 
0.08% to 0.57% of applied dose, which is below the skin permeation seen in the first 
IVPT study formulations (0.34 to 1.34% of applied dose).   

However, to rule out any possibility of butyloctyl salicylate influencing the dermal 
penetration/absorption of BEMT, butyloctyl salicylate was removed from all formulations 
to be used in the pivotal MUsT. Three arms will be used for the pivotal MUsT, one arm 
for each of the 3 different formulation types used in the IVPT: the sunscreen oil with 
penetration enhancer, the oil-in-water (O/W) emulsion, and the water-in-oil (W/O) cream. 
The O/W emulsion containing skin penetration enhancer did not show a measurable 
increase in skin permeation of BEMT under the IVPT conditions. Most relevant to market 
formulations and maximizing exposure from absorbed dose is the sunscreen oil 
formulation plus ethanol as skin penetration enhancer expected to represent a likely 
“worst case” potential for percutaneous permeation of BEMT as indicated by results of 
the IVPT. 
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3.2.2 In vitro percutaneous permeation study with 6% BEMT in a Cosmetic Oil 
formulation applied to rat skin membranes 

The in vitro percutaneous permeation study with rat skin membranes showed rat skin as 
6-times more permeable to BEMT than was human skin membranes under the same test 
paradigm. This differentiation is relevant to the assessment of rat plasma concentrations 
observed in the 2-year dermal carcinogenicity study with rats, their comparison to the 
plasma concentrations in the chronic dermal minipig study, and their interpretation in 
reference to the requested additional systemic carcinogenicity study. 

3.2.3 In-silico Evaluation for Metabolism and Metabolites 

An in-silico evaluation of bemotrizinol with Meteor Nexus, a software tool for estimation 
of metabolism or metabolic products by recognized physiological pathways (Lhasa Ltd., 
Meteor Nexus: 3.1.0, Nexus: 2.2.1), was run under both “plausible” outcomes, the lowest 
constraints on expectations, and the higher confidence expectations termed “probable” 
outcomes. The principal biotransformation products resulted mainly from phase I 
processes of oxidative demethylation, hydroxylation of terminal alkyl groups, and phase 
II processes, mainly glucuronidation of aromatic alcohols. Neither of these constraint 
conditions suggested that biotransformation to moieties or metabolites of concern should 
be expected. 

In vivo dosing of rats by either oral or dermal application have been conducted and by 
both routes of exposure revealed only very low absorption, no accumulation and rapid and 
complete elimination as the unchanged parent molecule. Study details are presented in the 
next summaries. 

3.2.4 In vivo Single Oral Dosing ADME 
The oral bioavailability of BEMT was evaluated in a GLP-compliant study following 
OECD TG 417.  Groups of 4 male and 4 female rats were each given a single oral dose of 
50 mg [14C]-bemotrizinol /kg to investigate systemic exposure, tissue distribution and 
metabolite profiles and excretion. An additional group of 9 male and 9 female rats were 
each given a single oral dose of 50 mg [14C]-bemotrizinol/kg and samples taken for a time 
course kinetics in blood and plasma over 24-hour after dosing. 

After the single oral dose of radio-labeled test article, excretion was rapid and extensive in 
both male and female rats. Urinary excretion accounted for mean totals of 0.1 % and 0.2% 
of the dose and fecal excretion accounted for mean totals of 94% and 97% of the dose for 
males and females, respectively. The only component found in the fecal extracts was 
identified as parent bemotrizinol and represented 100% of the dose excreted in feces of all 
rats. Residues in tissues accounted for <0.01 % of the dose in total in both males and 
females and were not associated with any specific tissues. The radioactivity remaining in 
the residual carcass accounted for 0.3% of the dose for males and 0.1% for females. 

The total recoveries of administered radioactivity were approximately 95% for males and 
97% for females. The concentration of radioactivity in blood and plasma was below the 
limit of detection at all time points up to 24 hours after dosing. The mean limits of 
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detection were <0.038 µg/g and <0.019 µg/g in blood and plasma, respectively.  
Following a single oral dose the absorption of [14C]-bemotrizinol was very low and the 
substance is considered as not orally bioavailable after single oral dose (Silcock 2002a). 

3.2.5 In vivo pharmacokinetics after 21-day oral gavage dosing 
In a GLP compliant study, three groups of Wistar Han rats received BEMT, referred to as 
DNP-038124, in PEG 400 by oral gavage (10 mL/kg body wt.) in a single dose or in 
successive daily doses on each of 20 days, with the objective to demonstrate the BEMT 
systemic pharmacokinetic parameters at the 1000 mg/kg bwt/day, which is the NOAEL 
for key legacy studies with BEMT.  

A single oral gavage dose with 1000 mg/kg/day did not result in quantifiable BEMT 
plasma concentrations at any of the collection times, all were BLQ, except one sample at 
the 30h (0.506 ng/ml) and two samples at the 48h sample time (0.579, 0.572 ng/ml.  

A second group of 8 rats dosed at 1000 mg/kg by oral gavage once daily on each of 20 
consecutive days showed plasma mean concentrations in a narrow range of 1.72 ng/mL to 
2.81 ng/mL over 48 hours following the last administration of BEMT. A clear relationship 
between concentration and time of collection was not found and the mean plasma 
concentrations and Cmax were each about 2.8 ng/mL. Unscheduled observations of the 
animals at blood sampling days were of soft feces noted on 9 of the 10 sampling days.  

A third group of four male rats each received a daily oral dose of BEMT at 1000 
mg/kg/day for 20 days with plasma sample collection at 24 hours after doses on days 1, 2, 
4, 7, 10, 14, 18, and 20.  Unscheduled observations of these animals at blood sampling 
days showed soft feces on 9 of the 11 sampling days and on day 17, “wet red material 
around mouth” for one animal of the group. The plasma concentration of BEMT appeared 
to increase to a BEMT maximum concentration of approximately 1.45 ng/mL 24 hours 
after the last dose, could be quantified in plasma for at least 168 hours (7 days), and 
showed a linear concentration decrease to below 0.5 ng/ml by 264 hours after the last 
dose.  

Rat whole blood samples were also taken at terminal sampling times in each study group 
and analyzed for their BEMT concentrations. These whole blood sample results were 
consistent with those results from plasma analysis thereby indicating plasma is fully 
representative for systemic concentrations of BEMT in these studies. 

It was concluded that the systemic availability of BEMT was not quantifiable after a 
single oral gavage dose at 1000 mg/kg bwt/day; after 20 days of single daily doses rat 
plasma reached maximum concentrations of only about 3 ng/ml with a plateau around 1.5 
ng/mL but without an increasing trend; BEMT remained quantifiable (0.55 ng/ml) until 
168 hours (7 days) after a 20-day dosing period suggesting a slow elimination phase; a 
very limited systemic bioavailability and a linear return to pre-dosing conditions were 
seen in the rat after repeated dosing with a NOAEL dosage. 
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3.2.6 In vivo Single Dermal Dosing ADME 
The dermal bioavailability of BEMT was evaluated in a GLP-compliant study following 
OECD TG 427. A representative sunscreen formulation, containing 4% bemotrizinol, was 
by dermal dosing used to investigate dermal absorption of labelled test article applied at 2 
different dose volumes to the male rat. Either 50 µl or 20 µl of each formulated dose was 
applied to 10 cm2 of shaved skin per rat, corresponding to doses of 2 mg and 0.8 mg 
bemotrizinol per rat. These applications were designed to simulate potential human 
dermal exposure to the formulation during normal use. 

After dermal exposure to 2 mg [14C]- bemotrizinol formulation for 6-hours, a mean of 
about 90% of the applied radioactivity was washed from the skin surface using soap 
solution and water. About 2.0% of the dose remained associated with the application site 
following the 6-hour skin-wash and some of this was available for absorption. The residue 
associated with the application site declined slightly at later time-points. The amount of 
dose absorbed was 0.2% after 6- and 24-hours. The absorbed dose was not associated with 
any specific tissues. 

After dermal exposure to 0.8 mg [14C]-bemotrizinol formulation for 6-hours, a mean of 
approximately 96% of the applied radioactivity was washed from the skin surface using 
soap solution and water. About 2.1 % of the dose remained associated with the 
application site and some of this was available for absorption. The residue associated with 
the application site declined slightly at later time-points and the amount of dose absorbed 
after 6 and 24 hours was 0.1% - 0.4%. The absorbed dose was not associated with any 
specific tissues. The study results indicated that dermal absorption of bemotrizinol was 
very low and the substance is not readily bioavailable after dermal application. (Silcock 
2002b) 

3.2.7 Absorption with Chronic Topical Dosing  
Prolonged (39 weeks) dermal dosing of minipigs with maximum achievable doses of 
bemotrizinol suspended in PEG 400 vehicle was GLP-compliant and followed a standard 
test guidance of European Agency for Evaluation of Medicinal Products. Three groups of 
four male and four female Göttingen minipigs received once daily cutaneous application 
of the test article suspended in the vehicle (PEG 400) at constant dose volume of 2.5 
mL/kg body weight/day on closely clipped dorsal skin. The dose-levels used were 250, 
500 and 1250 mg bemotrizinol /kg body wt/day and the treatments were continued for 39 
weeks. The high dose of 1250 mg/kg/day was the highest technically achievable dose 
based on the physical characteristics (viscosity, density, rheology) of test article in the 
PEG 400 vehicle that allowed accurate and reproducible preparation and application of 
the dosages. A control group of four males and four females received the PEG 400 vehicle 
during the dosing period. 

Results of each of the standard study parameters for dosed animals were not different 
from the control group animals and macroscopic and microscopic observations did not 
indicate any test item related changes. Plasma concentrations of bemotrizinol in samples 
at weeks 13 and 26 and before terminal sacrifice were detected but did not show a clear 
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relationship to dose level or duration of dosing. The repeated topical application of high 
doses of bemotrizinol did not induce a consistent or clear systemic exposure concentration 
and the absence of systemic or local topical adverse effects or target organs could not be 
associated with the test item dosages. A NOEL of 1250 mg/kg body wt/day is indicated in 
this pivotal non-clinical test. (Haag 2006) 

3.2.8 Conclusions 
Based on the in-silico predictions and the in vivo results with bemotrizinol as summarized 
above, the substance did not show meaningful systemic exposure via absorption, 
accumulation was not indicated, and biotransformation to metabolites or moieties of 
relevance for secondary effects of exposure to bemotrizinol are not indicated. 
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Bacteria reverse 
mutation assay  

Salmonella 
typhimurium 
(TA1535, 
TA1537, TA98 
and TA100) & E. 
coli (WP2uvrA)   

Admix with top 
agar  48 hours  

1st assay: 5.4 to 512 
μg/plate + 10% (v/v) S9-
mix in all strains.  

2nd assay: 87 to 878 
μg/plate + 10% (v/v) S9-
mix in all strains.  

yes  Not mutagenic with or without 
metabolic activation        

Repeat dose        

5-day and 28-day 
oral gavage 

CByB6F1 Hybrid 
(non-transgenic 
littermate) mice 

oral gavage; 
BEMT 
suspension in 
PEG 400 

Once daily 
consecutively 
for 5-days & 
then 28 days 

5-d: 0, 500, 750, 1000, 
1500 mg/kg/d (10 mL/kg 
body wt) 

28-d: 0, 500, 1000, 1500 

yes 

5d: no adverse effects in any group 

28d: no adverse effects in any 
group; adrenal gland wt significant 
increase but not related to BEMT; 
Plasma BEMT exposures below 10 
ng/ml were not dose, time or sex-
related 

Charles River 
Labs Study 

20209876, 2021 
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a. European Union, Scientific Committee on Consumer Safety, Notes of Guidance 2018. 
b. Formulation applied 4x daily at 2 mg/cm2 on 75% skin surface area: a.i.= BEMT 
c. From the in vitro human skin permeation test; mean (0.19) +SD (0.17) (BASF 10B0377-21B110, 

2022). 
d.  [Rat oral 1000 mg/kg/d] ÷ [Human systemic daily dose]. 

 
In the MUsT protocol and in the dermal safety studies, the BEMT active ingredient is 
expected to be without concern for its safe use in the planned clinical studies. 

4 EFFECTS ON HUMANS 
Clinical safety testing of BEMT in two short studies, previously submitted to FDA under 
a time and extent application (TEA), with relatively small panels of volunteers did not 
demonstrate adverse events (AEs) related to the topical applications used to assess local 
tolerance for skin irritation and sensitization, without or with UV radiation exposures. The 
local tolerance of BEMT, without and with, UV irradiation of skin sites exposed to 
prospective sunscreen formulations can be without concerns for adverse effects. 

Systemic metabolism is not expected, the molecule is photo-stable to high irradiance, 
pharmacologic effects have not been reported to have occurred and are not predicted by 
non-clinical test results, indicating BEMT is of very low concern for its clinical safety. 

A 20-years’ long history of global use of BEMT in consumer sunscreen-containing 
products has shown the active ingredient to have relatively few noticeable or reported 
concern for its skin tolerance, consumer avoidance, or regulatory authorities’ concern for 
BEMT’s continued safety or for limiting its market availability to use in consumer 
products.  

Potential adverse effects could include signs for local skin irritation or cumulative 
intolerance, although such events have not been reported to date. Compromised or ectopic 
skin may exhibit signs of intolerance or allergenic reactions as indicated by the only 
published case report associated with BEMT in a sunscreen formulation (Luna-Bastante et 
al. 2019). 

A Margin of Safety of 346 is estimated for the MUsT design’s exceptionally high daily 
exposures and indicates acceptable risk for human subjects 

4.1 Pharmacokinetics and product metabolism in humans 
Bemotrizinol has been used in one recent controlled clinical study to evaluate 
pharmacokinetics (PK), systemic distribution or metabolism, which is a pilot phase (Part 
1) MUsT protocol and will be followed by Part 2 as supported by this IB.  

A single clinical study with the ultraviolet filter Bemotrizinol (BEMT) is being conducted 
in 2 parts (Part 1: pilot study; Part 2: pivotal study) to evaluate the clinical 
pharmacokinetics in a Topical Maximum Usage Trial (MUsT). Only Part 1 is completed 
and presented here. There was no evidence of BEMT accumulation or steady-state BEMT 
concentrations above 0.5 ng/mL. Part 1 was an open-label, 1-arm study in 14 healthy 
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adult subjects with the following objectives: Primary objective was to explore whether the 
active component, bemotrizinol (BEMT), was absorbed from a high-penetrating 
sunscreen formulation including 6% BEMT into the systemic circulation when applied 
under maximal-use conditions. Secondary objective was to obtain information needed for 
a successful pivotal study such as preliminary pharmacokinetic (PK) data, validation of 
study and analytical procedures, and the number of subjects needed. 

Pharmacokinetics: Blood samples (N = 22 per subject) were collected for the 
determination of BEMT plasma concentrations at the following time points (within 
±5 minutes from the nominal time while confined): 
 

 Dosing (hour relative from first 
dose) 

Blood sampling (hour relative from 
first dose) 

Day 1 0, 2, 4, 6 –0.5, 2, 4, 8, 12 
Day 2 24, 26, 28, 30 23.5, 28, 32 
Day 3 48, 50, 52, 54 47.5, 52, 56 
Day 4 72, 74, 76, 78 (last) 71.5, 74, 76, 78, 80, 82, 84, 86 
Days 5, 8, and 12 – 96, 168 (±4), 264 (±4) 

NOTE: When a time point corresponded with sunscreen application, the PK sample was collected before 
sunscreen application. 
 
The PK parameters for plasma BEMT (i.e., Cmax, Tmax, C2h, Ctrough, AUC0-24h, λz, Cmax, and 
t1/2) were selected based on an FDA guidance and published MUsT results (DHHS 2019, 
Matta et al 2019). The time interval for the overall PK parameters was 0 to 264 hours or, 
if the subject terminated early, the time of the last sample. 
 
Absorption of BEMT after topical administration was very limited, with only 4.3% of the 
PK samples (13/299) having quantifiable concentrations equal to or higher than the lower 
limit of quantification (i.e., ≥0.5 ng/mL). Thirteen of the 14 subjects completed the PK 
sample collection; 1 subject (1010) discontinued on Day 4. Of the 299 samples analyzed, 
13 (4.3%) were quantifiable, 9 (3.0%) were not reportable (NR; per the laboratory’s 
standard operating procedure for lack of internal standard reproducibility after multiple 
assays), and the remainder (92.6%) were BLQ (i.e., <0.5 ng/mL) (Table 1). Systemic 
absorption of BEMT was limited: of the 14 subjects, 7 (50%) had no quantifiable 
concentrations, and the maximum number of quantifiable concentrations per subject was 
1, 2, and 5 on Day 1, Day 4, and overall, respectively. All samples after 82 hours had 
BLQ concentrations. 

Based on the completed non-clinical testing and a single human PK study in 12 subjects, a 
very low systemic uptake and only limited plasma concentrations and distribution are 
predicted for topically applied BEMT. If systemic uptake does occur during usual topical 
product use, as in the clinical safety studies, or as resulting from high exposures during 
the MUsT protocol, in silico models predict BEMT metabolism by the usual elimination 
phase 1 and phase 2 pathways and in vivo short-term animal studies suggest direct 
elimination of parent molecule without apparent accumulation. 
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4.2 Safety and Efficacy 
Clinical controlled testing in two short studies with relatively small panels of volunteers 
did not demonstrate adverse events (AEs) related to the topical applications used to assess 
local tolerance for skin irritation and sensitization, without or with UV radiation 
exposures. Clinical pharmacokinetics and dynamics have not been determined with any 
completed controlled clinical trials. The local tolerance of BEMT, without and with, UV 
irradiation of skin sites exposed to prospective sunscreen formulations is expected to be 
without concern for using the high topical exposures required during a MUsT protocol. 

Bemotrizinol efficacy as a UV light absorbing molecule has been demonstrated by in vitro 
test systems showing its stability under high UV irradiation and its effective skin 
protection potential by SPF (sun protection factor) testing. In vivo efficacy of BEMT has 
been substantiated with controlled clinical SPF testing and by standard clinical efficacy 
tests for UV protection from formulated sunscreen products containing BEMT.  

4.2.1 Clinical Safety 

4.2.1.1 Phototoxicity in Humans 
Phototoxicity was assessed with a panel of 26 human volunteers given a single application 
of 10% bemotrizinol in an oil in water lotion and then irradiated with 16 J/cm2 UVA and 
UVB at 0.75 times an individual’s minimal erythema dose (MED). Only one adverse 
reaction was reported and was determined not to be related to BEMT treatment. On 
average, the irradiated test-material treated sites exhibited lower skin reactions than the 
irradiated sites for vehicle or saline applications. Phototoxic or skin irritation responses 
did not occur in any of the volunteers. (Parisse 1998a) 

4.2.1.2 Photosensitization in Humans 
Photosensitization potential of bemotrizinol was determined with a repeated insult patch 
test protocol using 33 human volunteers given twice-weekly applications of 10% 
bemotrizinol in an oil/water lotion and irradiation with two times the volunteer’s MED for 
UVA and UVB during the 3-week induction phase. On study week 6, a 24-hr application 
of the challenge dose was followed by 16 J/cm2 UVA and UVB at 0.75 times an 
individual’s MED. On average, the irradiated test-material treated sites exhibited lower 
skin reactions than the irradiated sites for vehicle or saline applications. Photosensitization 
or sensitization responses did not occur in any of the volunteers. (Parisse 1998b) 

4.2.1.3 Controlled Safety Testing with Formulated Sunscreen Products 
A Time and Extent Application and a follow-up eligibility submission by CIBA Specialty 
Chemicals to US FDA (CIBA 2000), reported that 32 individual sunscreen formulations 
containing up to 7.5% BEMT and other UV filters (not disclosed) were tested in separate 
studies using a total of 1250 subjects given a single dose by patch application. Although 
mild skin irritation events related to treatment were reported, they could not be attributed 
to BEMT directly because other active UV filters were included in the treatments. Severe 
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adverse events or effects did not occur. (Docket FDA-2005-N-0453; Tab V.C.1.1a thru 
1.19a) 

4.2.1.3.1 Summary of Safety Information Obtained from BEMT-001 Pilot Study 
Information obtained from the MUsT Part 1 Pilot study (BEMT-001) includes the 
following: 

4.2.1.3.1.1 Adverse Events 
There were no serious adverse events (SAEs) reported in the Pilot MUsT Study (BEMT-
001). Overall, 8 of 14 subjects (57.1%) reported at least 1 TEAE in the pilot MUsT study 
(BEMT-001). Of these, 5 subjects (35.7%) reported TEAEs that were considered related 
to study drug. The most commonly reported TEAE was skin irritation (28.6% of subjects) 
followed by dry skin, increased lacrimation, and skin laceration (2 subjects each, 14.3%). 
All other TEAEs were reported by 1 subject (7.1%) each. The TEAEs considered related 
to study drug were skin irritation (4 subjects, 28.6%) and dry skin, erythema, pruritus, 
erythematous rash, urticaria, increased lacrimation, constipation, and rhinorrhea (1 subject 
each, 7.1%). Of the 8 subjects with TEAEs, 7 subjects (50.0%) reported TEAEs that were 
considered mild in severity and 1 subject (7.1%) reported TEAEs considered moderate in 
severity. One subject reported TEAEs of erythema and urticaria that were moderate in 
severity and led to discontinuation from the study (discussed later in this section). No 
severe TEAEs, serious AEs, or deaths were reported. All TEAEs resolved by the end of 
the study 

An adverse event (AE) incidence table for the BEMT-001 Part 1 (pilot) study is presented 
in Table 3 below.  

 
Table 3  AE Incidence Summary Associated with Pilot (Part 1) MUsT Study 

MedDRA System Organ Class Preferred 
Term 

Study BEMT - 001 
(Pilot MUsT) 

BEMT 6% oil 

(N=14) 

Severity Relationship 

Number of AEs 36 30 – Mild 

6 - Moderate 

10 – Not Related 

26 - Related 

Skin and subcutaneous tissue disorders, n 
(%) 

5 (35.7) 

 

Mild  

• Skin irritation 4 (28.6) Mild Related 

• Dry skin 2 (14.3) Mild 1 Not related 

1 Related 

• Ecchymosis 1 (7.1) Mild Not related 

• Erythema 1 (7.1) Moderate Related 

• Pruritus 1 (7.1) Mild Related 
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MedDRA System Organ Class Preferred 
Term 

Study BEMT - 001 
(Pilot MUsT) 

BEMT 6% oil 

(N=14) 

Severity Relationship 

• Rash erythematous 1 (7.1) Mild Related 

• Urticaria 1 (7.1) Moderate Related 

General disorders and administration site 
conditions, n (%) 

3 (21.4) Mild 3 Not related 

• Fatigue 1 (7.1) Mild Not related 

• Vessel puncture site bruise 1 (7.1) Mild Not related 

• Vessel puncture site pain 1 (7.1) Mild Not related 

Eye disorders, n (%) 2 (14.3) Mild  

• Lacrimation increased 2 (14.3) Mild 1 Not related 

1 Related 

Injury, poisoning and procedural 
complications, n (%) 

2 (14.3) Mild Not related 

• Skin laceration 2 (14.3) Mild Not related 

Gastrointestinal disorders, n (%) 1 (7.1) Mild Not related 

• Constipation 1 (7.1) Mild Not related 

 

Nervous system disorders, n (%) 

 

1 (7.1) 

Mild Not related 

• Headache 1 (7.1) Mild Not related 

Respiratory, thoracic and mediastinal 
disorders, n (%) 

1 (7.1) Mild Related 

• Rhinorrhea 1 (7.1) Mild Related 

4.2.1.3.1.2 Subjects Who Dropped Out During the Course of the Part 1 Investigation in 
Association with Any Adverse Experience, Whether Or Not Thought To Be 
Drug Related 

One subject (#1010) was dropped from the pilot MUsT due to treatment emergent adverse 
events (TREAs) of erythema and urticaria. Subject 1010 (58-year-old White female) 
received BEMT 6% oil topical application 4 times daily on Days 1 through 3. On Day 3, 
approximately 1 hour after the third application, the subject reported TEAEs of skin 
irritation of the lower back and abdomen that were considered mild in severity, probably 
related to study drug, and resolved within approximately 18 hours of onset. On Day 4, 
approximately 17 hours after the fourth application on Day 3, on physical examination, 
the subject was observed to have erythema and welts confluent on the abdomen and all 4 
extremities, and approximately 2 hours later, the subject was observed to have skin 
irritation of the abdomen and lower back that were considered clinically significant. The 
events were documented as TEAEs of erythema of the upper arms, abdomen, and lower 
back and TEAEs of urticaria of the upper arms, lower back, and abdomen that were 
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considered moderate in severity and probably related to study drug. The TEAEs led to 
study drug withdrawal and study discontinuation on Day 4. The TEAE of erythema of the 
upper arms and the TEAE of urticaria of the upper arms resolved within 9 hours of onset. 
The TEAEs of erythema of the abdomen and lower back and TEAEs of urticaria of the 
abdomen and lower back resolved within 7 days of onset. Also, on Day 4, approximately 
1 day after the last application, the subject reported a TEAE of dry skin of the upper arms 
that was considered mild in severity, probably related to study drug, and resolved within 
approximately 8 days of onset. The subject did not receive any treatment for the TEAEs 
of erythema, urticaria, or dry skin. In addition, the subject did not report any relevant 
medical history. 

4.2.1.4 Publicly Reported Adverse Events 
Bemotrizinol has been sold and used in commercial skin care products, including 
sunscreen formulations, since 2000 when it was approved by the European Commission 
as safe for use in sunscreens and cosmetic products. Subsequently, BEMT was found to 
be safe for use by Regulatory Agencies and Competent Authorities in markets of most 
other countries or regions, except in the United States where the demands and data 
requirements of the notification and approval process were prohibitive. In the various 
countries in which BEMT has been notified none have refused or rejected the registration 
and the product continues to be approved for use in commercial consumer products. 

Being widely sold in global markets since 2000 has brought BEMT into regular use in 
topically applied consumer cosmetic and related sunscreen and skin care products. A 
recent (May 24, 2020) search of Australia’s Therapeutic Goods Administration (TGA) 
Database of Adverse Event Notifications - medicines for the years 1999-2020 using 
bemotrizinol as the key search phrase showed that only 16 sunscreen medicines 
containing bemotrizinol, together with other sunscreen active ingredients, were submitted 
to the TGA database as case reports of a patient’s signs or symptoms that were classified 
as MedDRA reaction terms or adverse events (see Appendix 2). Source: 
https://apps.tga.gov.au/PROD/DAEN/daen-report.aspx. 

From the 16 medicines containing BEMT found in the database, there were about 40 
adverse events identified where the case reporter considered there to be an association of 
the medicine to the adverse event; however, the TGA database interpretation guide 
cautions that the presence of an adverse event report does not mean that the medicine is 
the cause of the adverse event. Further, it should be noted that each patient presented in a 
case report may have experienced or demonstrated more than one reaction that is included 
in the total number of adverse events reported, so the total number of adverse events will 
be greater than the number of cases. 

A summary of the events recorded for BEMT during the time period 1999-2020 are 
presented in Table 4.  The adverse events were grouped together in the summary and one 
patient may have had multiple adverse events; thus, the range is 39-42 cases. 
Table 4. Summary of TGA Adverse Event Notification Data for BEMT (Years 1999-2020). Source: 
https://apps.tga.gov.au/PROD/DAEN/daen-report.aspx  
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A review of the listed reports for these 39-40 cases as shown in Appendix 2 and 
summarized in Table 4 for the 16 medicines indicated that all are related to finished 
sunscreen products commercially available in Australia and the affected individuals 
represented ages of less than 1 year up to 99 years. As noted in the Table 4, each of the 
adverse effects or complaints are categorized as “suspected to be related to the medicine”, 
which is in all cases a complete sunscreen product, and not bemotrizinol specifically. 
Each of the medicines listed in the reports contain at least three other UV filter active 
ingredients in addition to bemotrizinol, plus any included but not listed, inactive 
formulation excipients.  

Because systematic diagnostic patch testing of the specific UV filters or ingredients in the 
16 medicines was not disclosed to have been done or any results reported, none of these 
adverse event reports can be used to implicate bemotrizinol as the direct causative agent.  
Further, all other available testing results with BEMT and the safe use concentrations for 
the selected excipients in the MUsT formulations, did not show adverse topical effects or 
intolerance, and do not indicate concerns for a clinical trial using maximum topical 
exposures to our proposed formulations. 

A slight contrast to these adverse event listings was presented by a recent search of the 
open scientific literature via PubMed that did reveal only one case report of adverse 
reactions on human skin (Luna-Bastante et al. 2019). 
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In this event, a 39-year-old non-atopic female presented with eyelid eczema and two-
years history of pruritic erythematous scaly plaques in both periorbital skin regions. Patch 
testing in the subject with the Spanish Contact Dermatitis Standard Baseline series, the 
two suspect cosmetic formulations, and then their individual ingredients tested separately 
revealed positive skin reactions to two ingredients in the sunscreen: Scutellaria 
baicalensis root extract and Tinosorb® S. In their systematic approach the authors also 
used the ingredients found positive in the subject to patch test 16 healthy controls, none of 
which showed positive reactions to the ingredients. The subject was treated with topical 
medications that resolved the lesions and advised to avoid cosmetics containing the two 
ingredients. 

4.2.2 Clinical Efficacy 

4.2.2.1 UV Absorption Efficacy for SPF Determination 
Bemotrizinol is proven to be an effective UV light absorbing ingredient as substantiated 
in testing by standard clinical designs used to evaluate finished sunscreen products that 
contained other UV Filer active ingredients along with BEMT. Some in silico tools, or 
calculators, are available that will estimate the UV SPF of a formulation based on the 
specific UV filter(s) added to a mixture. It is well established that BEMT is an effective 
UV light absorber in the UVA and UVB wavelengths ranges. 

4.2.3 Safety and Risks Indicated by Clinical Experience 
Bemotrizinol is intended for topical application in sunscreen formulations to prevent 
sunburn to the skin. The safety of BEMT predicted by non-clinical testing has been 
substantiated by the absence of published case reports for adverse skin or systemic effects 
or serious impairments following its use by consumers.  The Expert Review of BEMT for 
safety and efficacy done in compliance with other country’s regulatory requirements has 
supported the registration and listing of BEMT as safe for consumer use.  Most 
importantly, subsequent withdrawal or cancellation of any BEMT registration has not 
been seen. 

Bemotrizinol is not easily absorbed across the skin or from parenteral exposures and 
systemic exposures are predicted to be very low, unlikely to be metabolized and is rapidly 
eliminated as the parent molecule. The high stability of BEMT to UV irradiation indicates 
photo-degradation products or reactive moieties are not expected to occur on or in human 
skin after topical applications. 

The clinical safety in usage is clearly supported by the absence of notable risks and 
relatively few adverse effects in its’ nearly 20 years of continuous use in topically applied 
consumer products. 

Companies using BEMT in their marketed sunscreen formulations have not reported to 
DSM any notified complaints or adverse experiences with BEMT in their products. This 
is consistent with the absence of adverse effects in controlled clinical testing for skin 
irritation and sensitization with and without UV irradiation and with the very low 
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Cumulative Irritation).  A total of 472 subjects will be enrolled in the 4 clinical trials 
associated with this IB. 

The exposure and testing of these subjects with BEMT at 6% in sunscreen formulations 
should be considered to be of very low risk for adverse clinical effects as discussed here. 

Bemotrizinol is a photostable broad-spectrum UV filter that at low concentrations 
efficiently contributes to UVB and UVA protection across the full range of topical 
application forms (Herzog et al. 2004). The photosafety of BEMT has been substantiated 
by the outcomes of standard in vitro and in vivo non-clinical and in clinical controlled 
studies. In the completed non-clinical and clinical studies BEMT was well tolerated on the 
skin, did not show irritation or contact sensitization without and with UV irradiation, is 
not interactive with key endocrine effect modulators, and it did not adversely affect any 
aspect of the full reproduction and development cycle in rats. Bemotrizinol is not 
genotoxic or mutagenic based on results of in vitro and in vivo testing, and in 
representative animal models dosed chronically, BEMT was not a dermal carcinogen or 
photo-carcinogen. 

Clinical safety testing of BEMT in two short studies with relatively small panels of 
volunteers did not demonstrate adverse events (AEs) for topical applications used to 
assess local tolerance for skin irritation and sensitization without or with UV radiation 
exposures. The local tolerance of BEMT, without and with, UV irradiation of skin sites 
exposed to prospective sunscreen formulations is considered to be without concerns for 
adverse effects. 

A 20-years’ long history of global use of BEMT in consumer sunscreen-containing 
products has shown the active ingredient to be without noticeable concern for its skin 
tolerance, consumer avoidance, or regulatory authorities’ concern for BEMT’s continued 
safety or limiting its market availability to use in consumer products. 

As reviewed in the foregoing sections BEMT is of very low bioavailability by transdermal 
absorption, physiological metabolism and photo-degradation have not been shown to 
occur, and given its use topically, would not lead to systemic overdose or 
pharmacological signs of excessive intake. Likewise, oral ingestion of BEMT, without 
associated excipients, would not be expected to show clinical adverse effects. 

The sunscreen formulations’ ingredients (excipients) to be used in the proposed clinical 
testing paradigms have been selected for their compatibility with BEMT and for their 
recognized safety in use for human cosmetics and in formulated drug products. Concerns 
for adverse effects (AE) are expected to be low. However, two inactive ingredients 
(potassium cetyl phosphate magnesium stearate) contained in each of the emulsion 
formulas to be applied during part 2 of the study may cause eye irritation.  As such, a 
standardized approach for applying formulations to the face along with appropriate eye 
protection and onsite procedures for eyewash care have been included in the study 
protocol. This also includes eye irritation assessment in safety/adverse event skin 
evaluations. 
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As indicated in section 4.2.1.4, potential adverse effects could include signs for local skin 
irritation or cumulative intolerance. Compromised or ectopic skin may exhibit signs of 
intolerance or allergenic reactions as indicated by the only published case report 
associated with BEMT in a sunscreen formulation. (Luna-Bastante et al. 2019)  

Safety Data sheets for each of the excipients to be used the test dosage forms have been 
provided to  the 2 Clinical Research Laboratories under a separate transmission. 
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6 APPENDIX 1 

6.1 Draft Labeling per the requirements of 21 CFR 312.6(a) 
 

6.1.1 Pivotal 6% MUsT (BEMT-001 Part 2) Labels 
 

6.1.1.1 Part 1 (BEMT-001) Draft Bulk Label 
Below is a copy of the draft bulk label of the investigational MUsT dosage form: Sunscreen oil 
SU-E-101413-70. 

 

SU E 101413 70 – sunscreen oil with skin penetration enhancer (batch 005) 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892 

Protocol number: BEMT-001 

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

Inactive Ingredients: 
 

 

Storage conditions: Ambient 

Expiry date: 02. December 2020 when stored in an unopened container 

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

6.1.1.2 Proposed Part 2 Draft Bulk Labels: 
 

Test Formulation SU E 101413 85 

SU-E-101413-85 batch 22015OEV – sunscreen oil with skin penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

Protocol number: BEMT-001 

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

(b) (4)

(b) (4)
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Inactive Ingredients:  
 

 

Storage conditions: ambient 

Expiry date: 03.12.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 
 

 

Test Formulation SU E 101413 87: 

SU E 101413 87 batch 22010OEV – O/W emulsion without penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

Protocol number: BEMT-001 

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

Inactive Ingredients:  
 

 

Storage conditions: ambient 

Expiry date: 31.07.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 
 

Test Formulation SU E 101413-89: 

SU E 101413 89 batch 22017OEV – W/O emulsion without penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

Protocol number: BEMT-001 

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

Inactive Ingredients:  
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Storage conditions: ambient 

Expiry date: 07.08.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 
 

 

Draft Dosage Form Labels 

The test products will be dispensed by the Pharmacy – on the day of application – directly from 
the bulk container to the containers from which it will be dispensed to the subjects. This will 
either be weigh boats or syringes depending on the product. Copies of the draft label to be used by 
the Pharmacy are provided below. Bar code labels will be used and will include the protocol 
number, the subject number, day and timepoint and a barcode which links all of these data points 
into the study database. 

 

6.1.2 Dermal Safety Studies 
 

Test Formulation SU E 101413 82 batch -004 

RIPT/Cum. Irritation: CRLNJ2020-0493: 

SU E 101413 82 batch -004 – formulation with petrolatum  

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

RIPT/Cum. Irritation: CRLNJ2020-0493 

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

Inactive Ingredients: PETROLATUM 

Storage conditions: ambient 

Expiry date: 28.11.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

 

Test Formulation SU E 101413 82 batch -004 

(b) (4)

(b) (4)

(b) (4)
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PT (Phototoxicity): CRLNJ2020-0494: 

SU E 101413 82 batch -004 – formulation with petrolatum 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

PT (Phototoxicity): CRLNJ2020-0494  

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

Inactive Ingredients: PETROLATUM  

Storage conditions: ambient 

Expiry date: 28.11.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

Test Formulation SU E 101413 82 batch -004 

PA (Photoallergenicity): CRLNJ2020-0495: 

SU E 101413 82 batch -004 – formulation with petrolatum  

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

PA (Photoallergenicity): CRLNJ2020-0495 

Active Ingredients: Bemotrizinol 6%                         Purpose: Sunscreen 

Inactive Ingredients: PETROLATUM 

Storage conditions: ambient 

Expiry date: 28.11.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

Test Formulation SU E 101413 85 batch -004 

RIPT/Cum. Irritation: CRLNJ2020-0493: 

SU E 101413 85 batch -004 – sunscreen oil with skin penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

RIPT/Cum. Irritation: CRLNJ2020-0493 

(b) (4)

(b) (4)
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Inactive Ingredients:  
 

 

Storage conditions: ambient 

Expiry date: 01.12.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

Test Formulation SU E 101413 83 batch -002 

RIPT/Cum. Irritation: CRLNJ2020-0493: 

SU E 101413 83 batch -002 – formulation with petrolatum  

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

RIPT/Cum. Irritation: CRLNJ2020-0493 

Active Ingredients: 0%                          Purpose: Sunscreen 

Inactive Ingredients: PETROLATUM 

Storage conditions: ambient 

Expiry date: 14.10.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

Test Formulation SU E 101413 83 batch -002 

PT (Phototoxicity): CRLNJ2020-0494: 

SU E 101413 83 batch -002 – formulation with petrolatum 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

PT (Phototoxicity): CRLNJ2020-0494  

Active Ingredients:     0%                     Purpose: Sunscreen 

Inactive Ingredients: PETROLATUM 

Storage conditions: ambient 

Expiry date: 14.10.2022 when stored in an unopened container  

(b) (4)

(b) (4)

(b) (4)
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Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

Test Formulation SU E 101413 91 batch -001 

RIPT/Cum. Irritation: CRLNJ2020-0493: 

SU E 101413 91 batch -001 – sunscreen oil with skin penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

RIPT/Cum. Irritation: CRLNJ2020-0493 

Active Ingredients: 0%                          Purpose: Sunscreen 

Inactive Ingredients:  
 

 

Storage conditions: ambient 

Expiry date: 10.10.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

Test Formulation SU E 101413 91 batch -001 

PT (Phototoxicity): CRLNJ2020-0494: 

SU E 101413 91 batch -001 – sunscreen oil with skin penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

PT (Phototoxicity): CRLNJ2020-0494  

Active Ingredients:     0%                     Purpose: Sunscreen 

Inactive Ingredients:  
 

 

Storage conditions: ambient 

Expiry date: 10.10.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Test Formulation SU E 101413 91 batch -001 

PA (Photoallergenicity): CRLNJ2020-0495: 

SU E 101413 91 batch -001 – sunscreen oil with skin penetration enhancer 

Caution: New Drug--Limited by Federal law to investigational use. 

IND number: 146892  

PA (Photoallergenicity): CRLNJ2020-0495 

Active Ingredients: 0%                         Purpose: Sunscreen 

Inactive Ingredients:  
 

 

Storage conditions: ambient 

Expiry date: 10.05.2022 when stored in an unopened container  

Total amount:   

DSM Nutritional Products Ltd, Wurmisweg 576, 4303 Kaiseraugst, Switzerland 

 

 

7 APPENDIX 2 

7.1 TGA Database of Adverse Events Notification – BEMT Report 
 

(b) (4)

(b) (4)
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