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1. Introduction

Regarding the photosafety evaluation of pharmaceuticals, basic concept and
methods of evaluation as guidelines for the implementation of nonclinical tests were
shown in the guidance of the European Medicines Evaluation Agency (EMEA) ? in 2002
and of the US Food and Drug Agency (FDA) in 2003 2. In addition, EMEA issued a
Concept Paper on the need for revision of the guidance on photosafety testing in
January 2008 . In Japan, a guideline for skin photosensitization test was published in
1989 4, which has been used for the detection and evaluation of the risk of
photosensitivity by topical formulations. However, there is no guideline that addresses
the photosafety evaluation in general. This study team examines current status and
technical problems of photosafety evaluation of pharmaceuticals based on the US and
European guidance, published literature, survey conducted by Japan Pharmaceutical
Manufacturers’ Association (JPMA) and proposals from academic societies, in order to
prepare documents that serve as a basis for the preparation of draft guideline in Japan
and to contribute to the preparation of internationally harmonized guideline on
photosafety evaluation.

Issues related to photosafety evaluation include criteria to conduct photosafety
evaluation, types, methods, detection sensitivity and determination criteria of
nonclinical safety tests for phototoxicity, extrapolability of the results of nonclinical
tests to human, and countermeasures and preventive measures in case that adverse
events suspected to be related to light irradiation are reported, and search for markers

useful for the assessment of photoallergic potential or photocarcinogenicity in human.

2. Criteria to determine the necessity of photosafety evaluation

Chemical compounds required to investigate under each of the US and European
guidelines are outlined in Table 1. Both of FDA guidance and EMEA guidance require to
evaluate photosafety of all drug substances and formulation components that absorb
UVB, UVA or visible radiation (290-770 nm) (UV/VIS) and are directly applied to the
skin or eyes, or significantly partition to one of these areas when administered
systematically. In addition, the EMEA guidance states that results of photostability
tests and the structure-activity correlation can be utilized to determine whether

photosafety evaluation is necessary.



Table 1 Comparison of chemical compounds required photosafety evaluation under

each guideline.

EMEA FDA
- Overall chemical | - All the drug substances and formulation
Chemical entities components
compounds - Biotechnology-derived - As for topical agents, evaluation in the
pharmaceuticals form of formulation is recommended.
Range of
absorption 290-700 nm 290-700 nm
wavelength
Absorption Detailed information on the absorption
spectrum - L. .
. No description spectrum is important (Just presenting
(maximum . L
. maximum absorption is not enough.)
absorption)
Route of - Tonical anolication ;eAéJSphed onto or distributed to the skin
administration P PP Y

- Those that affect the condition of the

and distribution | Reach the skin or eyes ‘

skin or eyes.

- Patients who are not exposed to the
sunlight

- Topical agents applied onto the sites not

Inapplicable No description exposed to the sunlight.
cases P - Not applied onto the site exposed to the
sunlight
Chemical compounds whose

phototoxicity is already known

The guidance on Nonclinical Safety Studies for the Conduct of Human Clinical Trials
and Marketing Authorization for Pharmaceuticals (ICH M3(R2)) 9 described that the
appropriateness or timing of photosafety testing in relation to human exposure should
be influenced by: 1) the photochemical properties (e.g., photoabsorption and
photostability) of the molecule, 2) information on the phototoxic potential of chemically
related compounds, 3) tissue distribution, and 4) clinical or nonclinical finings
indicative of phototoxicity, and proposed that initial phototoxicity evaluation should be
conducted based on the photochemical properties and pharmacological/chemical
classification of the drugs.

According to the proposed conditions, almost all pharmaceuticals can be a candidate
to investigate photosafety. These guidelines provide only the conditions to determine the
necessity of photosafety evaluation and lack specific guidelines. When the necessity of
photosafety test is determined, there are various situations to be considered depending
on the kind and application of the pharmaceuticals. For example, if unchanged drugs or
active metabolites are distributed in a large quantity to the eye or skin, photosafety
evaluation including the metabolites is required, but if the compounds are rapidly

eliminated from the tissue, photosafety evaluation will not be needed. Also, since



additives may change the photoproperty of the drug substance in some formulations,
evaluation needs to consider the effect of dosage form or route of administration on
tissue distribution. In addition, pharmaceuticals used in limited patients and diseases
without light-exposed compartment will not require to evaluate photsafety. For the
formulation of new guideline, it would be necessary to clarify the strategies of
photosafety evaluation by specifying the criteria in photochemical properties or tissue

distribution.

2.1 Criteria based on photochemical property of chemical compounds

2.1.1 Photoabsorption

The range of absorbance of compounds that should be tested are set to be between
290 and 700 nm in the US and European guidances (Table 1). Besides, OECD Guideline
for Testing of Chemicals, 432 (In vitro 3T3 NRU phototoxicity test) © negates the
necessity to conduct 3T3 NRU testing for compounds with the molar extinction
coefficient (MEC) of below 10 L mol'tcm 1(Note 1).

Meanwhile, Henry et al. measured light absorbance of 35 kinds of phototoxic
substances (pharmaceuticals) in the 290-700 nm range, and concluded that all the
phototoxic substances showed absorption at the wavelength of 290 nm (shoulder) or
maximum absorption in this range of wavelength, and the MEC in the range exceeded
1000 L mollcm'! 7. Bauer et al. compared the results of phototoxic test (3T3 NRU test
and mouse photo-LLNA) and MEC corrected values (calculated correcting UV/VIS
spectrum of chemicals by solar light spectrum) for 26 compounds (21 developing
compounds and 3 controls) and concluded that compounds with corrected MEC value
exceeding that of chlorpromazine (5170 L mollcm'l) are potentially phototoxic
substances 9. Based on these results, the 5th International Workshop on Genotoxicity
Tests IWGT, 2009) 9 concluded no photosafety testing is required for compounds with
MEC < 1000 L mol'lem . Also, a questionnaire survey conducted by JPMA showed that
most of the compounds which were positive in 3T3 NRU test had MEC over 1000 L
mollcm? 19, though the relationship between phototoxicity and maximum absorption is
not clear. In general, it is considered that the necessity of conducting photosafety

evaluation is low for pharmaceutical products with MEC of < 1000 L, mol'! cm™1.

2.1.2 Photostability
In EMEA and FDA guidelines, photostability findings are required as a part of



information to determine the appropriateness of photosafety evaluation. But conditions
of photostability measurement or criteria for photodegradation rate are not provided.

The photodegradation speed depends on the number of photons of the specific
wavelength that contributes to the degradation of the drug. But since photodegradation
wavelength differs by drugs and since the distribution of the number of photon for each
wavelength differs by light sources, it is considered difficult to quantitatively analyze
the effect of drugs on photodegradation speed V. Photostability test is usually
conducted as a part of quality test for drug substances and formulations (ICH Q1B
guideline) 12, but when phototoxicity risk in human is to be evaluated, it is considered
practical to use the results of photostability for a drug substance in neutral buffer.

Formation of degradation products of the compounds by ultraviolet rays is
considered to be one of the mechanisms of phototoxicity. Phototoxicity of
fluoroquinolones is considered to correlate with photostability, but a few compounds,
without photostability, caused little photoreaction on the skin in mice have been found
by drug design 19. Henry et al. ? evaluated photostability of 35 phototoxic substances
(pharmaceutical products) and obtained the results showing that 70% of the phototoxic
substances tested were degraded by light irradiation by over 50% but 12% of the
phototoxic substances tested including 5-fluorouracil and acridine were degraded by no
more than 10% even by 3 hours of light irradiation. This result shows that
photostability result alone is not sufficient to determine the necessity of phototoxic test.
They proposed to evaluate the necessity by combining above-mentioned photoabsorption
and ROS assay which will be described below.

Consequently, it is necessary to determine the appropriateness of photosafety test by
taking other indicators into consideration, since there is a possibility that some of

phototoxic substances cannot be detected only by photostability results.

2.1.3 ROS assay

As mentioned above, photoabsorption or photostability alone does not have high
correlation with phototoxicity, and has limited use in determining the appropriateness
of phototoxic test. Onoue et al. reported the usefulness of reactive oxygen species (ROS)
assay as a method to evaluate phototoxic risk 1416, ROS assay is a test system to
measure the generation of ROS, singlet oxygen and superoxide, that triggers phototoxic
reaction after light irradiation to test compounds. They compared ROS generation
capacity and 3T3 NRU test results for 39 pharmaceutical products on the market and
210 pharmaceutical candidates. As a result, in most phototoxic substances, type I or II

photochemical reaction was induced, and generation of singlet oxygen and superoxide



was observed 19. Namely, it is highly possible that it can be determined unnecessary to
conduct phototoxic test for compounds in which generation of singlet oxygen and
superoxide, which is strongly related to phototoxicity, is not observed.

Similarly to photoabsorption test and photostability test, ROS assay would be able to
be used as a test method to characterize photochemical properties of pharmaceutical
products. In order to position ROS assay as a test to determine the appropriateness of
photosafety evaluation, it is required to set a criteria to judge phototoxic risk, to confirm

its utility by multicenter validation study, and to gain an international consensus.

2.1.4 Regulatory compliance

Photochemical property of compounds is evaluated in physicochemical tests as a part
of quality test, and the results are utilized in the determination of the appropriateness
of phototoxic test, but, it is not performed in compliance with GLP. However, if the
result is used for approval application as a basis of judgment on the necessity of
phototoxic test, it has to be performed in compliance with GLP or Article 43 of the

Enforcement Regulations of the Pharmaceutical Affairs Law.
2.2 Criteria used when chemical structure suggests photosafety concern

Photosensitivity is a reaction that shows considerable inter-individual variability and
its development mechanism has not been fully elucidated. However, some of the specific
chemical structures that induce phototoxicity including quinolone framework have been
already known. Information on such known toxic framework can be obtained in silico
toxicity prediction tools on the market including DEREK (Lhasa Limited).

Organic compounds transit to an excited state by light irradiation (UV) and then
return to ground state after emitting energy. The energy emitted at this returning
phase exerts various effects on the living body and can be one of the factors that cause
photosensitivity. Thus, compounds that are easily photoexcited are considered to have
high risk for photosensitivity, and discussion has been made on the utilization of HOMO
(Highest Occupied Molecular Orbital) - LUMO (Lowest Unoccupied Molecular Orbital)
gap to photosafety evaluation. There is a report that shows a correlation between MPE
(Mean Photo Effect) as a measure of 3T3 NRU test and HOMO-LUMO gap (AE), and if
MPE <0.1 is considered negative, negative rate was 11% for compounds with AE of
below 10.5 eV, 59% for compounds with AE of 10.5-11.7 eV, and 86% for compounds with
AE of over 11.7 ¢V 17, HOMO-LUMO gap is useful in predicting phototoxicity due to

photoexcitation, but it is required to examine and establish conditions at each facility



since the results differ by softwares used for calculation or calculation methods.
2.3 Criteria for tissue distribution of drugs when phototoxicity test is required

As a condition to induce phototoxic reaction, drugs and/or its metabolites which were
absorbed into the body have to reach and retain in the irradiation site. But there have
not been any clear criteria on the tissue distribution that requires photosafety
evaluation. The conditions related to tissue distribution of the drugs that need
photosafety evaluation are described in guidelines of the Europe and the US as
follows: (i) directly applied to light-exposed sites including eyes and skin, (il) distribute
to eyes or skin after systemic administration, and (iii) drug-induced changes in eyes or
skin are observed. But there is no description on the criteria to determine the
appropriateness of the photosafety tests. Therefore, when actual photosafety evaluation
is performed, how to evaluate tissue distribution of drugs and choice of phototoxicity
testing are left up to the discretion of the companies that conduct the test. According to
the survey conducted by JPMA, only 2 companies out of 30 companies set their own
criteria for evaluation of tissue distribution for photosafety evaluation 19. These criteria
included (i) “when tissue concentration of the drug in the skin or eyes is lower than
blood concentration of it, photosafety evaluation is not conducted, excluding the case in
which blood concentration of the drug is higher than its phototoxic concentration in in
vitro test, (i) when the drug remains in the body for at least 35 days after
administration, and the ratio of the tissue concentration in the eyes or skin to the blood
concentration is 5 or higher, photosafety evaluation should be performed.”

When tissue distribution is taken into consideration, all of topical drugs for skin or
eye drops need photosafety evaluation even their photoabsorption is low since they
distribute in high concentration at the site of administration. In case of topical drugs, it
is considered that absorption and distribution is affected by the difference in the
composition of the drug or condition of the application site. In setting the conditions to
determine the appropriateness for phototoxic test, information on tissue distribution is
important. Thus, it is desirable that tissue distribution is evaluated early in the
development stage.

In case of drugs that have affinity to melanin, there is a potential that local tissue
concentration becomes high. Although it is reported that melanin affinity itself does not
predict retinal disorder'®, some criteria would be required to determine the
appropriateness of photosafety evaluation, taking the fluctuation of plasma

concentration, time to reach the tissue, and the rate of elimination into consideration.



2.4 Criteria for the case for which clinical findings require phototoxicity test

When some abnormalities which are considered to be attributable to light irradiation
are observed in clinical trial, it is important to take appropriate preventive measures for
the subjects such as avoiding light exposure, while at the same time with investigating
the mechanism. Especially, clinical and nonclinical investigation in early stage to
determine the cause as well as sufficient instruction to subjects at home is required.

Drug-induced photosensitivity is classified into phototoxicity and photoallergy based
on the difference in development mechanism. In case of phototoxicity, skin reaction is
provoked only at the site directly exposed to light not being mediated by immune
reactions but by photochemical reaction of compounds or metabolites which were
excited by light irradiation. In this case, following the development of erythema and
edema, desquamation and pigmentation are observed. On the other hand, photoallergy
is a type IV allergic reaction. Compounds or metabolites excited by the light ray become
antigens or haptens and combine with biological proteins through chemical reactions.
As the result, they become complete antigensand sensitize the body. When antigen is
formed again by light irradiation to the causative substance, allergic reaction is evoked
and erythema and blisters are developed.

Also, drug-induced photosensitivity is classified into photosensitive drug eruption
(systemic administration) and drug-induced photocontact dermatitis (topical
application) based on the difference in the drug administration route.

The development mechanism of drug-induced photocontact dermatitis is mainly
photoallergic reactions. If photopatch test at optimum concentration is positive and
findings indicative of type of contact dermatitis including spongiosis are observed in the
histological image of the affected skin, diagnosis of photoallergic reaction is made. The
diagnosis can be confirmed by positive reaction to provocation test with intake of small
amount of the drug and UV irradiation 19.

It is considered that animals can develop phototoxicity and photoallergicity through
the same action mechanism as human in some cases. Thus, it is considered useful to
conduct animal tests to evaluate the mechanism of findings which were observed
clinically. But since the results of traditional phototoxicity or photosensitization tests
using animals are sometimes inconsistent with clinical findings, it is desired to develop

novel evaluation systems that have high level of extrapolability to human.



3. Methods of photosafety test

3.1. Conditions of light irradiation

The European and the US guidelines include all the compounds that absorb UVB,
UVA or visible radiation (290-700 nm) as the target of evaluation. They recommend
simulated sunlight as the light source used for the test, but there is no specific
description on irradiation conditions. OECD Test Guideline 432 (in vitro 3T3 NRU test)
” recommends SOL500 (doped mercury-metal halide lamp, Dr. Honle, Germany) as a
light source which was used in the validation test. Japanese guideline for skin
photosensitization test describes as "xenon lamps, solar simulator and UV lamps are
used” .

When multiple kinds of solar simulators are compared (SOL500, SOLAX [xenon,
SERIC, Japan], and SUNTEST CPS [xenon, ATLAS, the US]),it has been reported that
each lamp has different wavelength characteristics and that SOL500 has different
wavelength characteristics from natural sunlight such as high relative irradiance in the
UVA range 29 . It is also reported that different ultraviolet meters (UVM751 [Dr. K.
Honlel and UVR-3036/S [TOPCON]) indicate different values for ultraviolet intensity
when the indentical site is irradiated by the identical light source 29. Besides, it is
difficult to ensure even irradiance distribution on the identical plane even if any light
source is used. It is important to fully understand wavelength characteristics of the
light source used for phototoxic test and to keep irradiance conditions as constant and
even as possible.

When light sources other than SOL500 are used in already validated in vitro 3T3
NRU tests, sufficient background data for the light source have to be obtained. It is
essential to conduct validation of irradiance conditions of the light source by each test
system in case of in vivo tests. Actually, many facilities use other light sources than
solar simulators under various irradiance conditions. In tests for compounds that show
absorbance in the UVA range, irradiation of about 10-20 J/cm?2 with the black lamp with
UVB shielding glass filter is used. In tests for compounds that show absorbance in the
UVB range more than 290 nm, minimum erythema dose under the experimental
condition is determined beforehand by irradiating non-treated animals with sun lamps,
and the irradiation with less amount of energy and subsequent black lamp irradiation
are provided to experimental group in ordinary practice.

Either one of the following options can be used under the guideline on photostability
(ICH Q1B) 12,
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