Option 1

Any light source that is designed to produce an output similar to the D65/ID65

emission standard such as an artificial daylight fluorescent lamp combining visible

and ultraviolet (UV) outputs, xenon, or metal halide lamp. D65 is the

internationally recognized standard for outdoor daylight as defined in ISO 10977

(1993). ID65 is the equivalent indoor indirect daylight standard. For a light source

emitting significant radiation below 320 nm, an appropriate filter(s) has to be fitted

to eliminate such radiation.

Option 2

Same sample should be exposed to both the cool white fluorescent and near

ultraviolet fluorescent lamp.

1. A cool white fluorescent lamp designed to produce an output similar to that
specified in IS010977 (1993); and

2. A near UV fluorescent lamp having a spectral distribution from 320 nm to 400
nm with a maximum energy emission between 350 nm and 370 nm; a significant

proportion of UV should be in both bands of 320 to 360 nm and 360 to 400 nm,
3.2. Evaluation of phototoxic potential

3.2.1. In vitro phototoxicity tests

3T3 NRU test described in the OECD Test Guideline 432 is highly sensitive and the
percentage of positive results including false positive is high. At IWGT 2009, discussion
on the criteria that necessitate the conduct of photosafety evaluations were held and it
was concluded that phototoxicity test is not required for compounds whose MEC <1000
L/mol/em 8. In Japan, the result of validation study on an alternative phototoxic test by
the combination of erythrocyte photohemolysis test and yeast growth photoinhibition
test has been submitted to JaCVAM 2V, As the mechanisms of these, direct damage to
the blood cell membrane and damage to the cell membrane and inside of the cell are
reflected in the former and latter test systems, respectively. When phototoxic test is
performed by in vitro test methods, it is important to choose test methods based on
sufficient understanding of the action mechanism and characteristics of the test after
considering characteristics of the test compound. A 3-dimensional human skin model,
which is under validation in Japan, is useful as an in vitro phototoxicity test method if it
is combined with light irradiation. It is expected to be established as an evaluation

system especially for compounds or formulations that are difficult to solve in water.
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3.2.2. In vivo phototoxicity tests

Guinea pigs, rabbits, rats, mice and hairless mice are mainly used in in vivo
phototoxicity tests. In case that test article has melanin affinity, utilization of
pigmented animals is sometimes required. In case of systemic exposure by oral
administration and others, animal species that can be used may be limited due to
distribution property of the test article.

In animal tests, light irradiation conditions differ by tests, and solar simulators,
UVA alone, or combination of UVA and UVB are used as light source. Also, light
irradiation dose have to be adjusted by each test since the marginal dose that evoke
skin reaction by light irradiation alone differs by animal species, though sufficient
irradiation dose is required to obtain high detection sensitivity. Besides, it is desirable
that standard conditions are set for each animal species and for each test system. For
this purpose, implementation of validation test with the use of positive control

substance is required.

3.2.3. Clinical evaluation of phototoxic potential

Drug-induced photosensitivity is caused by phototoxic mechanism or by
photoallergic mechanism. In order to choose appropriate treatment method, it is
important to differentiate these mechanisms. If the strong reaction is observed only at
light irradiation sites in photopatch test and phototoxicity is negated, the diagnosis of
photoallergic drug-induced photosensitivity is made. The results of a study on
photopatch tests in photosensitive patients which were conducted from 1991 to 1997
were reported at the ECVAM workshop 22. The findings of skin reaction by chemical
substances tested including pharmaceutical products were classified into 4 patterns; a)
the decrescendo pattern, b) a combination of the decrescendo and crescendo patterns, ¢)
the plateau reaction pattern, and d) the delayed or crescendo pattern. Among these, a)
and d) are considered to be the characteristics for phototoxicity and photoallergy,
respectively. Though b) and c) are not clear, the persistent pattern of a certain intensity
of reaction is considered to be induced by prolonged phototoxic reactions. A standardized
set of test chemicals for photopatch testing should be continuously updated, according

to the results of testing and to clinical and/or experimental experience.

3.3. Evauation of photoallergic potential (including skin photosensitization test)

3.3.1. In vitro photoallergic test

Though currently there is no internationally validated evaluation system in animal
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for photoallergic potential, Hoya et al. reported photo-h-CLAT (photo human Cell Line
Activation Test) method which utilizes a human monocytic leukemia cell line, THP-1
cells 23, This method is based on the changes in the expression levels of surface
molecules on dendritic cells at the time of antigen presentation for T lymphocytes,
which is one of the processes of induction of photosensitization. UVA is irradiated to
THP-1 cells and photoallergic potential was measured based on the enhanced
expression of CD86 and CD54.

3.3.2 In vivo photoallergic test
In Japan, “skin photosensitization test guideline” was issued in 1988 and has not
been revised after that. The guideline showed multiple test systems which utilize
guinea pigs. The FDA guideline says that nonclinical test models for photoallergy are
not considered to be predictive of clinical effects and that photoallergy is best assessed
clinically. EMEA says that it is possible to conduct animal studies using guinea pigs, but
1s actively promoting development of alternative methods from the aspect of 3Rs. In
Japan, according to the result of survey conducted by JPMA in 2008 19, many
respondents (24/38 companies) supported the necessity of skin photosensitization tests
as a part of photosafety guideline.
Photo-LLNA (Local Lymph Node Assay) is another in vivo test?9. This test method is
the combination of LLNA method, which is authorized as the OECD Test Guideline 429,

and UV irradiation 25.

3.3.3 Clinical evaluation of photoallergic potential
Drug-induced photosensitivity is caused by photoallergic mechanism and phototoxic
mechanism. It is important to adequately diagnose them differentiating each other.
Methods to evaluate photoallergic potential of a compound in clinical setting include
photopatch test and photo-drug test. Typical indication for photopatch test is
photoallergic contact dermatitis and that of photo-drug test is drug-induced

photosensitivity through photoallergic reaction 26,

3.4 Photogenotoxicity evaluation

There is a description on photogenotoxicity test in the EMEA guideline, but IWGT
2009 concluded that “photogenotoxic test is not recommended” as a part of phototoxicity

evaluation.
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3.4.1. In vitro photogenotoxicity test

As a method of photogenotoxicity test, photochemical chromosomal aberration test
(micronucleus test), which is based on DNA damage, had been recommended
considering the mechanism of skin cancer development due to light irradiation.
However, in cultured mammalian cells, light irradiation alone induces chromosomal
aberration and the results of photochemical chromosomal aberration tests are not
reflected appropriately to photogenotoxicity evaluation. Also, the endpoint of
photo-Ames test is mutation. It is difficult to predict carcinogenicity from the positive
results and its detection sensitivity is not high. Besides, it is sometimes difficult to
perform photogenotoxic evaluation of quinolone antimicrobial agents with phototoxicity

because of its pharmacological actions.

3.4.2. In vivo photogenotoxic test

In vivo photogenotoxic tests include photochemical skin micronucleus test 3030 and
photochemical skin comet assay 3. Photochemical skin micronucleus test is the
combination of skin micronucleus test which is based on DNA damage similarly to in
vitro photogenotoxic test 27 28 and light irradiation, and photochemical skin comet
assay is the combination of skin comet assay which is the combination of single cell gel
electrophoresis (Comet assay) of skin tissue 2% and light irradiation. Caution is required
to judge the result appropriately since any test system has a potential to produce
positive result due to cytotoxicity-related indirect DNA damage. However, IWGT 2009
concluded that these photogenotoxicity test systems are “potentially promising but not

the test system that can be routinely used because the data is limited at present” 9.

3.4.3. Clinical photogenotoxicity evaluation
The European and the US guidance mention to the necessity to find out biomarkers,

but do not provide specific descriptions as useful indices.

3.5. Photocarcinogenicity evaluation

3.5.1. In vivo photocarcinogenicity test
At present, available photocarcinogenicity tests using rodents (hairless rats and
others) are not recommended in terms of usefulness under ICH M3(R2) guideline. It

recommends evaluating the risk of carcinogenicity using other alternative evaluation
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methods, but does not provide any specific description ®. When the risk of
photocarcinogenicity is suspected, it is practical to take measures to avoid light
exposure during the administration period by informing of the risk in study protocol,
package insert, or Precautions. For the future, development of new test methods
including useful photogenotoxicity tests and biomarker tests using human skin culture

models is desired.

3.5.2. Clinical photocarcinogenicity evaluation

Ultraviolet ray itself has carcinogenicity and solar irradiation increases the risk of
skin carcinogenesis. Long-term use of immunosuppressants increase the risk of skin
carcinogenesis, so consideration to avoid UV exposure is especially important. The
potential that pharmaceutical products themselves have direct photocarcinogenicity is
small, but when they change into irritating materials like 8-Methoxsoralen by light
irradiation, they may induce cancer. It is relatively easy to control the risk of
compounds that induce irritant property by light irradiation, since patients themselves
recognize the erythema, swelling, burning sensation, pain and others at early stage. It
is required to fully inform of the potential that hazardous property is induced by light

irradiation.

3.6. Photosafety evaluation in clinical trials

Photosafety test is conducted in the clinical setting aiming at diagnosing the
photosensitivity-like symptoms appeared after oral intake or dermal application of
pharmaceutical products or evaluating photosafety of pharmaceutical products under
development. In both cases, photopatch test and photo-drug test are used for
photosafety evaluation in clinical trials.

Photopatch test is useful mainly for the diagnosis of photoallergic contact dermatitis
and also for the diagnosis of some of photoallergic dermatitis which developed after
systemic exposure of photosensitizing agents administered orally or by injection.
Positive reaction in photopatch test is fixed by negating phototoxic reaction. Positive
reaction caused by phototoxic reaction can occur to anyone nonspecifically, and cannot
be determined as a reaction specific to photosensitive patients. Actually, there are often
issues in the photopatch test in differentiating phototoxicity reaction and photoallergic
reaction. At present, the most reliable differentiation method is to perform photopatch
test under the identical conditions in healthy individuals and patients. If healthy
individual showed positive reaction, it is determined to be a phototoxic reaction.

On the other hand, photo-drug test is useful for the diagnosis of photosensitive drug
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eruption due to photoallergic reaction. When photo-drug test is performed, the results
differ by various conditions including the oral dose of the drug, period of intake, timing
of light irradiation after oral administration, and irradiation level. The optimum
condition for the test differs by the kind of medicine, type of skin disorder, and degree of
hyper sensitivity of the patient. Thus, there is no standard test method for this 26

3.6.1.Nonclinical photosafety test required for photosafety evaluation in clinical trials

When photosafety test is performed using light irradiation equipment in the clinical
setting, it is required to know the result of phototoxicity evaluation in nonclinical study
with appropriate models in advance, from the perspective of protection of subjects.

In principle, nonclinical skin photosensitization test has to be performed for topical
skin agents that have similar structure to already known photosensitizers or topical
agents that are inferred to have skin photosensitizing potential, before administration
to human.

On the other hand, if nonclinical phototoxicity test turned out to be clearly negative,
the need for clinical photosafety evaluation is low. But since there is a possibility that
some compounds which were negative in animal phototoxicity test exert phototoxicity in
human, it is important to carefully analyze the development of adverse events in clinical

trials in order to detect phototoxicity earlier.

3.7. Risk communication on results of photosafety evaluation

3.7.1. Cases without photosafety risk

In the development stage, the reason why phototoxicity test was judged unnecessary
should be described in the clinical study protocol and investigator’s brochure, and
adequate information should be provided to the investigators. At the time of the New
Drug Application, it is required to describe in the NDA documents the reason why

phototoxicity test was judged unnecessary.

3.7.2. Cases with photosafety risk

In the development stage, obtained results of nonclinical and clinical studies should
be described in the informed consent form, investigator’s brochure, and clinical study
protocol in order to ensure that adequate information is provided to the subjects and
investigators. Depending on the situation, discussion should be made on
countermeasures to reduce the risk of phototoxicity (awareness-seeking for light

irradiation, adjustment of dosing time, or protection from UV exposure by sunscreen),
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and potential appropriate preventive measures should be proposed. For the New Drug
Application, the results of phototoxicity tests and risk assessment for human should be
described in the NDA documents, and it should be considered to include this
information in the package insert in order to provide information and raise awareness.
When information is provided, it is important to provide adequate information after
comprehensively evaluate the results of nonclinical and clinical studies, rather than

making conclusion based on partial results alone.

4. Conclusion

This article outlined current status and issues regarding the concept of photosafety
evaluation of pharmaceutical products and technical problems related to it. It aimed at
contributing to the preparation of internationally harmonized guideline for photosafety
evaluation by understanding the current status and clarifying the problems.

We conclude that guideline for photosafety evaluation should be formulated by
clarifying the criteria of the compounds which are needed to conduct the photosafety
evaluation and the notion of evaluation of the result of in vitro phototoxicity test (3T3
NRU PT test) and the necessity of in vivo tests, and concern about the predictability of
the animal models for photoallergy, animal welfare, and extrapolability of
photogenotoxicity evaluation and photocarcinogenicity test results to human.

This article was prepared by this study team based on “issues of the photosafety
evaluation for pharmaceutical products” by Kazuichi Nakamura, Kazuhiro Hosoi,
Yumiko Iwase, Toshiyuki Shiragiku, Hironori Takagi, Hirohisa Yamashita, and
Hideyuki Mizuma (2009).
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