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Overview of Research and Development

The evaluation of skin sensitization is a mandatory component of the approval process for
medical devices that come into contact with the human body. Conventionally, these evaluations have
been executed through the implementation of in vivo test methodologies, including the Guinea Pig
Maximization Test (GPMT) and the Local Lymph Node Assay (LLNA), with extracts from the medical
devices serving as test specimens. However, in recent years, there has been a strong demand for
the implementation of alternative methods to animal testing in the evaluation of medical device
sensitization, grounded in international animal welfare principles

The induction of skin sensitization is believed to be attributable to four major key events
(KEs) in the biological response. For the evaluation of cosmetics and chemicals, test methods
corresponding to each KE have been published by the Organization for Economic Cooperation and
Development (OECD). KE1 is defined as the covalent binding of a chemical to epidermal proteins.
Representative in chemico assessment methods include the Direct Peptide Reactivity Assay (DPRA)
and the Amino Acid Derivative Reactivity Assay (ADRA). KE2 is the activation of keratinocytes by
a chemical substance. The following methods are used for its in vitro evaluation: KeratinoSens™,
LuSens, and the Epidermal Sensitization Assay (EpiSensA). The latter is performed using a three—
dimensional skin model. KE3 refers to the activation of antigen—presenting dendritic cells, and
well-known in vitro assessment methods include the human Cell Line Activation Test (h-CLAT) and
the interleukin-8 reporter gene assay (IL-8 Luc assay).

In light of the fact that skin sensitization is induced through multiple KEs, “Defined
Approach” that combines the results of multiple tests has been proposed in the field of chemical
substances. A representative method is the ”“2 out of 3 (2/3) approach,” in which a final
determination is made when consistent results (positive or negative) are obtained in two of the
three tests corresponding to the three KE categories. Concurrently, in the domain of medical device
engineering, a range of alternatives to animal testing is delineated in Annex C of ISO 10993-10.
A pivotal challenge lies in the development of an evaluation package that integrates these test
methods with the extraction process

In this study, we developed a skin sensitization evaluation package for medical devices. Our
objective was to advance and standardize alternative methods to animal testing for skin
sensitization testing of medical devices. Specifically, ADRA was selected as the evaluation method
for KE1, EpiSensA for KE2, and h—CLAT for KE3. The examination then proceeded to the test conditions
applicable to medical device evaluation and performance evaluation. In addition to validating the
developed test systems, we worked on the development of new positive control materials that are
considered applicable to conventional official methods. Consequently, the following achievements
were obtained.

In the context of research on in chemico sensitization testing for medical devices, with the
objective of evaluating KEl, we have refined ADRA and its application, the photosensitization
evaluation method (Photo—ADRA), for testing using extracts from medical devices and medical

materials as samples. We have also initiated preparations for conducting a interlaboratory study



in Japan. A comparative study of ADRA and DPRA demonstrated that ADRA is a suitable method for
evaluating medical device extracts and is useful in practical applications.

In the context of research on in vitro sensitization testing of medical devices, a systematic
approach was adopted for the condition screening and performance evaluation of the EpiSensA method
and the h—CLAT method. These methods are classified as KE2 and KE3 evaluation methods for
sensitization responses, respectively. The utilization of these methods as testing methods for
medical devices was undertaken to enhance the reliability and validity of the research outcomes

In the development of model materials for medical device sensitization testing, evaluations
were conducted using tetramethylthiuram disulfide  (TMTD)-containing isoprene rubber,
diethyldithiocarbamate (ZDEC) —containing ethylene—propylene rubber, and zinc
dibuthyldithiocarbamate (ZDBC)-containing ethylene—propylene rubber, among others. Furthermore, a
1-chloro—2, 4-dinitrobenzene (DNCB)-containing polyurethane sheet (DNCB-PU) was developed as a
positive control material, and its usefulness was demonstrated. For the purpose of conducting a
photosensitization evaluation, low-density polyethylene (LDPE) containing 4% benzophenone was
identified as the appropriate material.

The efficacy of combining the three aforementioned methods was demonstrated, thus establishing
a comprehensive alternative testing methodology for the evaluation of skin sensitization in the
context of medical devices.

The findings of this study align with ethical standards by reducing the use of animal testing
in the assessment of skin sensitization for medical devices, while concurrently facilitating safety
predictions based on scientific evidence. These findings are expected to contribute to: 1) the
development of evaluation technologies for medical devices using advanced technologies and novel
medical materials; 2) the accumulation of scientific evidence that will help clarify evaluation

and technical requirements; and 3) the identification of relevant regulatory issues.



