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ABSTRACT

Introduction: Traditional preclinical studies using animals may not accurately reflect
the efficacy and safety of compounds in humans. Therefore, the search for alternative
methods and predictive strategies that offer advantages in terms of reliability, cost
reduction, and ease of diffusion and adoption by laboratories is of great relevance, as well
as ethical issues surrounding the use of animals. In this context, “organ-on-a-chip” (OoC)
technology has been proposed as one of the alternatives to the use of laboratory animals.
Although OoC technology is on the path to becoming widely accepted as a specific platform
for preclinical research for human application and therapeutic testing, challenges and
limitations remain to its regulatory acceptance. Objective: To address the technology’s
applicability and regulatory acceptance by comparing Brazil with the United States of
America (USA) and the European Union (EU) based on registered patent applications,
a literature review, and data from official websites. Method: Data was collected through
searches in the CAPES portal of journals, the PatentScope database managed by the World
Intellectual Property Organization (WIPO), the websites of regulatory agencies, companies
that commercialize 0OoC, societies discussing this technology, and the TSAR tool. Results:
Patents related to the fields of microfluidics, OoC, and microphysiological systems
(MPS) have been filed. It was observed that pharmaceutical companies are evaluating
and applying this technology, indicating that the market is likely to grow, although this
technology is not yet included in official regulatory acceptance guidelines. Conclusions:
These results demonstrate the potential to overcome the limitations of current models.
However, to promote the inclusion of OoC as a globally recognized predictive method,
mobilizing universities, industries, research centers, financial support institutions, and
regulatory bodies in a collaborative effort is essential, combining scientific knowledge,
regulatory guidelines, and investment in research and training.

KEYWORDS: Microphysiological System; Organ-on-a-Chip; Organs-on-Chip; Human on-a-
Chip; New Approach Methods

RESUMO

Introducdo: Os métodos tradicionais dos estudos pré-clinicos com animais podem néo
refletir com precisao a eficacia e a seguranca de um composto em seres humanos. Assim, a
busca por métodos alternativos e estratégias preditivas que se mostrem mais vantajosos em
termos de confiabilidade, reducado de custos e maior facilidade de difusao e incorporacao
pelos laboratorios é uma questao de grande relevancia, bem como a discusséo das questdes
éticas relacionadas ao uso de animais. Neste contexto, a tecnologia de “organ-on-a-chip”
(OoC) vem sendo proposta como um dos métodos substitutivos ao uso de animais de
laboratorio. Embora a tecnologia de OoC esteja no caminho de se tornar amplamente aceita
como uma plataforma especifica para pesquisa pré-clinica para aplicagdo em humanos e
na testagem terapéutica, ainda existem desafios e limitacdes para aceitacdo regulatoria.
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Objetivo: Abordar a tecnologia quanto a aplicabilidade e aceitacao regulatdria, comparando o Brasil com os Estados Unidos da América
(EUA) e a Uniao Europeia (EU), a partir dos pedidos de patentes registrados, revisao da literatura e dados de sites oficiais. Método:
Apesquisa e coleta de dados foram realizadas por meio de buscas no acervo do portal de periddicos da CAPES, na base de dados PatentScope
gerenciada pela World Intellectual Property Organization (WIPQO), no site das agéncias reguladoras, das empresas que comercializam
0oC, das sociedades que discutem essa tecnologia, e na ferramenta TSAR. Resultados: Verificou-se que foram depositadas patentes
relacionadas a area de microfluidica, OoC e sistemas microfisiologicos (SMF). Observou-se que as indUstrias farmacéuticas estao avaliando
e aplicando essa tecnologia, indicando que o mercado tende a crescer, embora essa tecnologia ainda nao esteja inclusa em guias oficiais
para aceitacao regulatoria. Conclusdes: Os resultados demonstram o potencial para suplantar as limitacdes dos modelos atuais. Porém,
para promover a inclusdao do modelo OoC como método preditivo reconhecido mundialmente, é imprescindivel a mobilizagdo conjunta
de universidades, industrias, centros de pesquisa, instituicoes financeiras de apoio e drgaos reguladores em um esforco colaborativo
agregando conhecimento cientifico, diretrizes regulatorias e investimento em pesquisas e capacitacao.

PALAVRAS-CHAVE: Sistemas Microfisioldgicos; Organ-on-a-Chip; Orgéos em Chip; Human-on-a-Chip; Novas Abordagens Metodoldgicas

INTRODUCTION

Preclinical animal studies have limited predictive validity and
may not accurately represent the efficacy and safety of a com-
pound in humans, as indicated by the high failure rates of drugs
in clinical trials"2. Although massive investments have been
directed towards developing analytical tools and standardizing
animal studies, the drug approval rate remains low, with only
10% of Phase 1 candidates being approved by the Food and Drug
Administration (FDA)3. It is estimated that around 30% of drugs
fail in human clinical trials due to the occurrence of adverse
reactions, while another 60% fail due to a lack of appropriate
efficacy*. This results in high research and development (R&D)
costs and delays in the introduction of potentially life-saving
therapies, highlighting the need for pre-clinical models that are
more robust, effective, and representative of human biology?.

Companies are tackling this challenge by creating structures to
integrate R&D organizations. One of the main focuses of this
effort is the development of pre-clinical models that allow for a
“fail early, fail fast” approach, which would result in candidate
drugs with a higher probability of clinical success, greater patient
safety, lower costs, and a faster time to market?. Pre-clinical tri-
als with the experimental capacity to investigate and elucidate
the mechanisms involved in pathophysiology, pharmacology,
and toxicology are fundamental to the successful discovery and
development of drugs?>.

Animal models offer the advantage of allowing the studying of
systemic physiology, including tissue-specific distribution and
metabolization processes, immune responses, microenviron-
mental influences, biological barriers, and interorgan interac-
tions. However, the considerable phylogenetic distance between
humans and model species introduces biological disparities—such
as physiological variations and distinct disease manifestations—
that can compromise translational relevance. These differences
often limit the predictive accuracy of animal models, as they
may fail to recapitulate human disease phenotypes or elicit
expected therapeutic responses®®.

The search for alternative methods that are more advantageous
in terms of reliability, cost reduction, and ease of dissemination

http://www.visaemdebate.incgs.fiocruz.br/

and incorporation by laboratories is an issue of great relevance
to biomedical research. In addition, it is essential to discuss eth-
ical issues related to the use of animals’. The realization that
experimental animals are sentient beings and that their use can
contribute to the generation of knowledge must be accompanied
by researchers applying the principles of the 3Rs (“reduction,
refinement, replacement”)8.

In this context, the “New Approach Methods” (NAMs) are emerg-
ing as promising alternatives. The term covers a wide range of
innovative approaches, without necessarily reflecting their stage
of development or technological readiness. Among the methods
included are Quantitative structure - Activity relationship (QSAR)
prediction, large-scale screening bioassays, omics technologies,
cell cultures, organoids, microphysiological systems (MPS), as
well as machine learning and artificial intelligence (Al) tools,
among others. These new approaches represent a greater capac-
ity to elucidate toxicological outcomes and can significantly
transform regulatory practices, making them more appropriate
to human needs, both in the assessment of hazards and in the
analysis of exposure to risks®.

NAMs are accepted for the registration of pharmaceutical
products by the Brazilian National Health Surveillance Agency
(Anvisa), as long as they follow validated protocols and are con-
ducted under the quality control conditions of Good Laboratory
Practice - 1SO 17.025 and properly designed considering the par-
ticularities of the product being tested'.

This paper highlights organ-on-a-chip (OoC) technology among
NAMs, which is included in the MPS category. It should be clar-
ified that for an in vitro system to be classified as an MPS, it
must necessarily surpass the simplicity of conventional two-di-
mensional cultures and may present various design elements,
such as: a multicellular environment in a biopolymer or tis-
sue-derived matrix, a three-dimensional organization, mechan-
ical factors such as stretching or perfusion, the use of primary
or stem cell-derived cells, and/or the inclusion of immunolog-
ical components. In addition, many MPS systems incorporate
vascular structures, as well as microfluidics, which simulate
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natural tissue perfusion, allowing for the dynamic exchange of
nutrients, hormones and cytokines''. This paper uses the term
MPS only for systems with OoC microfluidics, although in the
literature it is also applied to in vitro systems without flow,
especially in models that mimic tissues without blood perfu-
sion, such as cartilage or early embryonic stages'. In this con-
text, OoCs are defined as microfluidic devices containing hol-
low microchannels perfused and coated with living cells, which
reproduce physiology and pathophysiology at the organ level
in vivo by recreating, in vitro, structures and functions that
simulate tissue and organ functions'.

The aim of this study is to analyze the technology in relation
to its applicability and regulatory acceptance, comparing Brazil
with the United States of America (USA) and the European Union
(EU), based on registered patent applications, literature review,
and data from official websites, illustrating some experiences
and discussing some aspects in the regulatory context of phar-
maceutical products for human use.

METHOD

This work was carried out in four distinct stages. The first stage
was a literature review. For this search, controlled descriptors
were used that had been previously defined by consulting the
Health Sciences Descriptors (DeCS) of the Latin American and
Caribbean Center on Health Sciences Information (Bireme)'.
The terms selected in English were: “organ-on-a-chip” and
“organs-on-chip”. The selected descriptors were included
based on keywords used by the researchers in the initial check
of the literature to contextualize this work, “microphysiologi-
cal system”, and “human-on-a-chip”, “new approach methods”
and “organs-on-chip”. The search was carried out on the jour-
nal portal of the Coordination for the Improvement of Higher
Education Personnel (CAPES), from the available collection and
in the subject search field.

In the second stage, a comprehensive search was conducted
in the PatentScope database (World Intellectual Property
Organization, WIPO)"> using the most frequently recur-
ring terms identified in the literature. The search strat-
egy employed a combination of descriptors with the ‘field
combination’ filter, and all retrieved results were consid-
ered for analysis.” The following search strategy was used:
EN_ALL: (microfluidic*) OR EN_ALL: (microphysiological) OR
EN_ALL: (“organ-on-a-chip”) OR EN_ALL: (“organ-on-chip”)
OR EN_ALL: (“tissue-chip”) OR EN_ALL: (“human-on-chip”)
OR EN_ALL: (“human-on-a-chip”) OR EN_ALL: (“tissue chip”).
In addition, a search with text in Portuguese was included,
PT_ALL: (“Orgados em chip”) OR PT_ALL: (“organ on chip”),
PT_ALL: (microfluidic*) OR PT_ALL: (Microfisiologic*) OR PT_
ALL: (“d6rgaos em chip”) OR PT_ALL: (“tecidos em chip”) OR
PT_ALL: (“mimet* tecido bioldgico”) e PT_ALL: (“dispositivo
microfluidico”) to search for patents filed in Brazil. The pat-
ents identified refer to the generation of OoC devices and other
apparatus claimed to be applicable to this technology. This
search guided the next steps, focused on geographical areas
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with the highest number of patents filed and with the highest
number of disclosures through interested parties gathered in
associations and/or societies. The areas that meet these two
criteria are the United States and the European Community.
We excluded Canada, Asia, Oceania, and the United Kingdom,
whose data was collected separately, according to the method-
ology employed and described.

In the third stage, a search was carried out on the offi-
cial websites of regulatory agencies, legally authorized
companies to research and market OoC device platforms,
and societies created to disseminate and share information
about organs-on-chip.

Finally, the European Community’s Tracking System for Alterna-
tive Methods Towards Regulatory Acceptance (TSAR)'search tool
was used to see if there were any records on the validation of
0oC technology submitted by validation centers or official bod-
ies. The filters “Test Method Name / Short name” and “Respon-
sible Organization” were used.

Brazil is included in this study because it is the subject of this
article’s critical analysis. Therefore, searches were carried out
focusing on the scientific production of researchers working in
the field and a general search on the Google platform for news
of institutions carrying out OoC studies in the country.

This search was not exhaustive, as it was limited to the descrip-
tors mentioned and the geographical areas chosen. The search
was not limited to a specific period, as the technology is recent,
and we sought to retrieve as much information as possible.

RESULTS AND DISCUSSIONS

Literature review

The literature search contextualized this work and showed that
0OoC technology has emerged due to the convergence of tissue
engineering and microfabrication, proving to be a potential
alternative to traditional preclinical models in the study of organ
and tissue functions, as well as in testing the safety and efficacy
of drugs".

Our results show numerous review articles presenting the impact
of microfluidics in the testing of anticancer drugs>3'7'81%20and in
the use of blood-brain barrier models®>'.17.18.2021 for drug screen-
ing. In addition, pioneering studies have presented OoC platforms
W]th brain_on_chip5,11,17,15,20,21,22,23,24, heart_on_Chip5,17,18,20,21,25,24’
liver_on_chip3,5,11,17,18,20,21,24,26,27,28’ kidney_on_ch]'plj,ﬂ,17,18,20,21,24,29’
lung_on_chip 5,11,17,18,20,21,24,29} intestine_on_chip17,18,26,27,5,20,29,21’
blood vessels-on-chip>"17,18,2021,30,31,

0oC technology was first developed in 2010. This first model
reconstituted the organ-level functions of the lung and was
developed by the Wyss Institute for Biologically Inspired Engi-
neering at Harvard University, USA*. Organs on a chip are
also defined as three-dimensional (3D) cell culture tissues
configured in a microfluidic device (the “chip”) that contain
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natural or engineered tissues’*34. They are called “chips”
because they were initially manufactured using micromanu-
facturing methods adapted from the production of computer
microchips'. These systems, which reproduce the functions
of human organs, allow for a more accurate assessment of
tissue response to pharmacological compounds. The devices
can be made from silicone rubber, such as polydimethylsi-
loxane (PDMS), glass or thermoplastics, such as poly(methyl
methacrylate) (PMMA). The choice of device material depends
on numerous factors, including functionality, manufacturing
strategy, and biocompatibility34.

0oC microfluidic devices are tailored to replicate the cellular
and extracellular characteristics of organs that can respond
to physical and biochemical signals to maintain and simulate
organ function, with the potential to replace in vivo animal
tests*. These advances seek to model the pathophysiology of
the human body and systemic diseases, producing tissues with
their phenotype preserved to communicate physiologically.
There are already reports in the literature of the development
and applicability of integrated devices, identified as “tissue
chips”®*, “human-on-a-chip”3¢, and “body-on-a-chip”'®. Some
studies have shown promising results in the creation and testing
of human models in microfluidic systems for specific diseases,
such as pulmonary arterial hypertension®, opioid overdose®,
and non-alcoholic fatty liver disease*® and other liver diseases?,
various types of cancer?, diabetes?, hepatitis B virus (HBV)3,
hepatitis C virus (HCV)3, renal fibrosis®, viral respiratory dis-
eases?, and drug-induced nephrotoxicity’>. When it comes to
toxicity and chemical risk, the assessment of absorption, dis-
tribution, metabolism, and excretion (ADME/biokinetics) has
faced challenges, including false positive in in vitro results
leading to the need for more careful observations'®.

However, the technology described is an innovation that is still
being developed and validated for different applications®. Reg-
ulatory acceptance is still limited, but its use has been expand-
ing in the pharmaceutical, chemical and cosmetics industries,
including new studies in quality control, such as potency studies
of medicines and biological products442,

Brazil has demonstrated a significant commitment to promoting
alternative methods to the use of animals in research. As part
of this effort, the Ministry of Science, Technology and Innova-
tion (MCTI) created the Brazilian National Network of Alternative
Methods (RENAMA) in July 2012. Soon after, in September of the
same year, the Brazilian Center for the Validation of Alternative
Methods (BraCVAM) was established, the result of a collaboration
between Anvisa and the National Institute for Quality Control in
Health (INCQS) of the Oswaldo Cruz Foundation (Fiocruz). These
pioneering initiatives in Latin America were designed to coordi-
nate efforts and promote alignment with the principles of the
3Rs in scientific research®.

Patent applications filed

The data retrieved showed that the patent applications filed
were classified into different areas of knowledge, including
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chemistry and physics, and others. Therefore, the result reflects
all applications within microfluidics, MPS, support for tissue
growth, as well as organs on a chip. The number of patents filed
by geographical area, considering the top 10 countries in the
ranking and the year of publication, according to the Patent-
Scope' database, is shown in Figure 1. The geographical areas
identified by the search include USA, European Patent Office
(EPO), Canada (CAN), Australia (AUS), China (CHN), India (IND),
United Kingdom (UK), Republic of Korea (ROK), and Singapore
(SGP). Patents filed with an international application, through
the Patent Cooperation Treatment (PCT), also appeared in the
searches.

Figure 1 also shows that the number of patent applications has
increased over the years: in 2015, 6,617 patent applications
were filed, while in 2023 this figure rose to 10,738. Up until the
last consultation, held on September 25, 2024, the number of
applications filed was 7,043,

In an initial search, only two patent applications were found
in Brazil: one filed by the German company TissUse GmbH,
in 2017, and another by Sociedade Beneficente Israelita Bra-
sileira Hospital Albert Einstein, in 2018". Due to the limited
number of results, the search field was expanded to include
terms in Portuguese, which made it possible to identify four
more patent applications: two filed jointly by the Brazilian
Center for Research in Energy and Materials (CNPEM) and the
State University of Campinas (Unicamp), in 2019 and 2020; one
by CNPEM, separately, in 2019; and another by Unicamp, also
separately, in 2021'. This brings the total number of patent
applications found in Brazil to six.

The interest in advancing OoC technology is evident from the
number of patents filed. In general, patents, by offering legal
protection and temporary exclusivity over an invention, moti-
vate inventors to disclose their discoveries publicly in exchange
for the right to commercial exploitation. As a result, new ideas
can be developed, thus promoting the progress of science and
technology. However, since many OoC devices can be easily
copied by reverse engineering, it is more efficient to protect
tissue compositions, culture media, hardware, and software by
intellectual property®.

Experience in the European Union

In Europe, joint efforts between governments, industries, and
universities have driven the development of alternative methods
to animal experimentation, with a focus on toxicity*. A mile-
stone was the meeting of experts in Leiden, Netherlands, which
highlighted the need for robust protocols to increase regulatory
acceptance of these methodologies, especially for interspecies
differences and quantitative in vitro-in vivo extrapolations. The
creation of a specialized biokinetics group by the Organization
for Economic Co-operation and Development (OECD) was sug-
gested to oversee these advances, including modeling of trans-
porter-mediated processes and the development of cellular
models that accurately mimic the physiology and kinetic char-
acteristics of organs®.
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Combined descriptors

2024
2023
2022
2021
2020 10,980

2019

Publication Year

2018
2017
2016

2015

No. of patents filed

Source: Prepared by the authors based on the search results in WIPO - Search: https://patentscope.wipo.int/search/en/structuredSearch.jsf.

Figure 1. Number of patents filed by geographical area and number of patents published per year.

The Organ-on-Chip in Development (ORCHID) project, which
began in 2017 and ended in 2019, sought to create a roadmap
for OoC technology and foster collaboration between stake-
holders. This project generated a report highlighting that this
technology could bridge the gap between pre-clinical tests and
human clinical trials through more predictive models*. This
document also demonstrated the potential of this technology
to reduce R&D costs, increase success rates and shorten the
development time of new drugs. It also identified the need to
train technicians and end users to promote qualification and
adoption of the technology.

According to the study, immediate implementation of the
technology in the R&D environment and acceptance by reg-
ulatory agencies are still the main barriers to implementing
the technology*.

As an offshoot of ORCHID, The European Organ-on-Chip
Society (EURO0CS) was created in 2018%. This non-profit
organization brings together members from various sectors
- government, academia, the pharmaceutical industry, cos-
metics, chemistry, health foundations, and the general pub-
lic - to encourage OoC research and align technology with
regulatory requirements®.

Other working groups discuss the absence of specific guide-
lines for human cell-based in vitro methods in the OECD
guides, such as acute toxicity and neurotoxicity. They sug-
gest integrating OoCs with mechanisms based on biological
events, known as Adverse Outcome Pathways (AOPs), priori-
tizing organs affected by chemical and pharmaceutical prod-
ucts. In addition, it is recommended to combine safety data
from sources such as in chemico, in vitro, in vivo, and omics
technologies, using strategies such as Integrated Approaches
to Testing and Assessment (IATAs)334,
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Experience in the United States

In 2010, the American Institute of Biomedical Research and Public
Health Fund, the National Institutes of Health (NIH), announced
a collaboration with the American regulatory agency, the FDA,
to advance regulatory science through a program that included a
project to develop tissue models of the heart and lung on a chip
to test the safety and efficacy of drugs®.

In 2012, the National Center for Advancing Translational Sciences
(NCATS) initiated the Tissue Chip for Drug Screening program,
which funded 12 projects to create 3D human organ systems
capable of representing physiological interactions. Subse-
quently, researchers expanded these efforts by developing mul-
tiple organ-on-chip models that simulate interactions between
different systems*.

Strategic partnerships have been established, such as NCATS’
collaboration with the Center for the Advancement of Science
in Space (CASIS) in 2016 to explore the effects of microgravity
on organ and tissue-on-chip platforms. The experiments were
carried out at the International Space Station U.S. National
Laboratory to better understand diseases and their impact on
human health.

Additionally, NCATS acted to pave the way for independent test-
ing and validation of these platforms with the aim of ensuring
the availability and promoting the adoption of this technology to
the scientific community, particularly among regulatory agencies
and pharmaceutical industries®.

In 2020, the development of bioengineered models of human tis-
sue and organ systems for clinical trials served as support during
the COVID-19 pandemic. Researchers used their expertise in tis-
sue chips to evaluate the properties of SARS-CoV-2, the pathol-
ogy itself, and the use of various drugs and therapies against
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COVID-19 infection“. The pandemic context has highlighted the
need for new models, with greater predictive capacity, to accel-
erate advances in the pharmaceutical field®.

The International Consortium for Innovation and Quality in Phar-
maceutical Development (IQ) MPS Affiliate, an international
non-profit consortium of around 48 companies, including Astra-
Zeneca, Pfizer, Sanofi, GSK, Moderna Therapeutics, Biogen, and
Bayer, is working to integrate MPS into drug safety approaches.
This group promotes the appropriate characterization of these
models, demonstrating their transformative potential®’.

Through the FDA’s Innovative Science and Technology
Approaches for New Drugs (ISTAND) program, a study analyzed
nearly 800 human liver chips, created with cells from two differ-
ent donors. The chips successfully met the 1Q consortium’s liver
toxicity qualification guidelines, using a blinded set of more
than 27 drugs known to be hepatotoxic and non-toxic, achiev-
ing a sensitivity of up to 87% and specificity of 100%. These
results represent an improvement in performance compared to
animal models*.

The approval of the FDA Modernization Act 2.0 in 2021 marked a
significant step forward in the adoption of alternative technol-
ogies, signaling the importance of validating MPS and in silico
approaches. This act opened new opportunities to incorporate
these technologies into drug regulatory processes®.

In 2022, a regulatory milestone was reached with FDA authoriza-
tion for clinical trials aimed at approving two new uses of a drug,
in which the simulation of two rare neuromuscular diseases was
based on 3D models. The system, made up of motoneurons and
Schwann cells, provided essential pre-clinical data for approval.
The project was partially funded by NCATS, highlighting the
potential of these technologies in the study of rare diseases that
do not yet have effective treatments, for which animal models
are often lacking®.

Experience in Brazil

In Brazil, there are some specific initiatives taking place
in universities, foundations, industries and experimental
research centers.

A successful evaluation of therapeutic efficiency was car-
ried out at the Experimental Research Center (CPE) and
the Instituto Israelita de Ensino e Pesquisa Albert Einstein
(IIEP - Einstein’s Teaching and Research Institute) of the Albert
Einstein Hospital in Sao Paulo. The aim was to evaluate mag-
neto-hyperthermia therapy with glioblastoma tumors-on-chip®'.

In 2017, researchers from the University of Sao Paulo’s Sao Carlos
Chemistry Institute published an article on a promising method-
ology for producing a microfluidic device that mimics a blood
vessel, serving as a starting point for cell culture under perfusion
for cardiovascular research and cardiotoxicity studies®2.

This same institute is involved in research related to the devel-
opment of microchip systems, as demonstrated in an article
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published in 2021 on the effect of “shear stress” (tangential
force exerted by fluid flow) on endothelial cells®.

In 2016, the CNPEM website announced the transfer of cell cul-
ture technology on a chip from the German startup TissUse GmbH
to the National Biosciences Laboratory (LNBio), which is linked to
the Ministry of Science, Technology and Innovation (MCTI). Also
taking part in this initiative was the O Boticdrio Group, which, as
well as providing financial resources, contributed scientific and
technological knowledge to the project®.

Another cosmetics company is emerging on the “human-on-a-
chip” scene, Natura in partnership with LNBio, as announced
on the CNPEM website in March 2023. The company uses 3D
printed organs for testing, combining biological structures
equivalent to human and integrated organs, which makes it
possible to reproduce the functioning of the organism. This
allows researchers and scientists to evaluate the effects of a
cosmetic ingredient both inside (organs) and outside the body
(skin) simultaneously®.

Other important studies have been carried out by LNBio apply-
ing OoC platforms (called 2-OC, emulating liver and intestinal
functions) to characterize the pharmacokinetic and toxicologi-
cal properties of acetaminophen. The results showed that the
intestinal absorption and hepatic metabolism of the study drug
can be mimicked by MPS and that the association with in silico
methods can improve the predictive capacity of in vitro methods
and improve the accuracy of the tests when compared to studies
in animal models*?%.

A detailed study on OoC mimicking bone marrow cells was
conducted by researchers from the Federal University of
Minas Gerais, the Federal University of the Jequitinhonha
and Mucuri Valleys, and the René Rachou Institute of the
Oswaldo Cruz Foundation, which demonstrated that OoC
technology has been widely applied in bone marrow studies
for various purposes: biological behavior of marrow cells,
modeling marrow diseases, mimicking the marrow niche, and
drug testing. The results showed that the methods selected
in the publications evaluated in the study improved cell cul-
ture maintenance, long-term culture, cell behavior, cell pro-
cess, and cell response to drugs compared to conventional
static 2D and 3D culture. However, despite these satisfactory
results, bone marrow reproduction has several structural and
physiological limitations®®.

As far as validation is concerned, the process in Brazil fol-
lows OECD guidance document 34 and BraCVAM acts as a focal
point for identifying and/or receiving requests from parties
interested in submitting tests for validation. The Centre then
informs RENAMA of promising tests, which helps with prioriti-
zation and contributes to validation studies of selected tests in
the network’s laboratories. The validation studies are super-
vised and the results obtained are reviewed by an ad hoc scien-
tific committee. Based on the results of the peer review, BraC-
VAM prepares recommendations on the validated test method,
which will be sent to the National Council for the Control of
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Animal Experimentation (CONCEA) for regulatory adoption, fol-
lowing a public consultation®.

Also in the regulatory context, on August 31, 2022, Anvisa held
a lecture entitled “Human-on-a-Chip”, in conjunction with the
Brazilian Agency for Industrial Development (ABDI) and one of
RENAMA’s central laboratories, LNBio, with the focus on present-
ing methodology and the possibility of in-depth study of diseases,
as well as new drugs, through the use of technological resources
in human cell cultures®. Regarding OoC registration regulations,
based on the webinar on alternative methods to the use of animals
and their regulatory acceptance in the field of medical devices
held on September 15, 2022, Anvisa pointed out that the use of
the OoC model is not yet a reality in the biological safety assess-
ment of medical devices (drugs are not included in this class)3®.

CONCEA’s position obtained in response to an official
consultation with the body

To date, no request for approval of the OoC test has been identi-
fied at CONCEA. However, if any research shows consistent data
from tests that demonstrate scalability, standardization, repro-
ducibility and repeatability between and among laboratories,
a request for validation of the method can be made to CONCEA,
which in turn will forward the request to RENAMA for analysis by
the associated laboratories. If the request is approved, CONCEA
will validate the test as an alternative method to the use of
laboratory animals®.

As such, the OoC method has not yet been recognized as an alter-
native method to the use of animals by CONCEA, according to
item Il of Article 2 of Decree No. 6,899 of July 15, 2009. How-
ever, according to Article 5 of CONCEA’s Normative Resolution (NR)
54: “Alternative methods validated nationally or internationally,
but not yet recognized by CONCEA, may be used, without preju-
dice to the competence provided for in item Ill of Art. 5 of Law
11.794, of October 8, 2008”. Therefore, although CONCEA has not
yet recognized any MPS or microfluidic device and has not yet
included any chapter on this new technology in its guide?, it can
be used (once it complies with special rules issued by other public
entities and bodies with regulatory competence) in convergence
with the 3Rs principle that underpins CONCEA’s deliberations.

Highlights in the OoC technology knowledge landscape
over time

Since the publication in 2010 of the development of a microde-
vice that reproduced the main properties of the human alve-
olar-capillary interface and introduced the concept of OoC,
knowledge of the technology has spread beyond university
laboratories®>. The research carried out enabled a time-
line to be drawn up with the main highlights of this scenario,
as shown in Figure 2.

Adoption of 0oC platforms in pharmaceutical industries

The study by Vulto and Joore® demonstrates that the avail-
able literature shows that OoC technology is being analyzed
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and used by the pharmaceutical industries, and, to this end,
they are investing in the implementation of platforms, quality
control standards, the availability of robust testing protocols,
and the logistics of biological materials. The Table represents
a summary of the commercially available platforms, impacting
decision-making in the various phases that cover the pre-clinical
development of a drug.

Method recognition

The TSAR tool checks whether there are methods that have
reached the criteria for regulatory acceptance as alternatives
to the use of animals, and are recognized for application in
various sectors, accompanied by a summary description. When
available, TSAR also includes relevant records and documents
associated with each method, covering different stages of the
process: submission, validation, peer review, recommendations,
and regulatory acceptance, including international standards
represented in the tracking system’®.

In this search, no tests were found that could be established as
platforms that use MPS, especially OoC.

Future prospects and challenges for implementing

the technology

According to the NIH, the implementation of tissues on a chip in
the development of drugs in the program for the approval and
use of organs on a chip involves the effective action of devel-
opers and suppliers of the technology, representatives of the
pharmaceutical industry, regulatory agencies, other government
entities, and patient groups*.

The development of OoC, which is moving towards becom-
ing part of regulatory safety assessment, can benefit signifi-
cantly from the regular stakeholder interactions® highlighted
in Figure 3.

The program also highlights the actions needed for the tech-
nology to be widely used. These actions include demonstra-
tion and validation for toxicity and safety studies; the estab-
lishment of testing centers and databases; demonstration and
validation for modelling and efficacy studies in common and
rare diseases; adoption and use by drug developers; global
harmonization for regulatory use and standardization of MPS
platforms; training of future generations of scientists in MPS
and regulatory qualification as a tool for drug development
and even clinical trials on chip®®.

Despite the progress made, the engineering of human tissues in
three dimensions (3D) to make organ equivalents (at different
scales and for various purposes), as well as microfluidic and
MPS devices, are still in the development phase. This technol-
ogy faces significant challenges, including: the availability of
cell types, adaptability, and the most appropriate choice of
cell source. In addition, optimizing the formulation of the cul-
ture medium for different cell types is crucial. It is also essen-
tial to understand the distribution of drugs in organs, diffusion
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First article on OoC

- Harvard | USA

Source: Prepared by the authors.

development | Wyss Institute
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The World Economic Forum has
chosen the OoC as one of the
best emerging technologies.

EUROOCS established |

ORCHID report published that
assessed gaps between pre-clinical
and clinical trials, R&D costs,

user training, and limitations

to implementation. | EU

infection. USA.

Use to evaluate the properties
SARS-CoV-2, the pathology of
COVID-19, and the use of various
drugs and therapies against COVID-19

Oliveira NR et al.

Several industries are coming together in a
consortium to improve the approach to drug safety
with the support of regulatory agencies | USA and
EU EURL ECVAM have created a catalog of resources
to support the validation and qualification of

this technology.

In 2022, the FDA received a request from Sanofi
for authorization to carry out clinical trials of a
drug for 2 new indications.

® {

Isolated initiatives at Fiocruz,
Universities, 1 Laboratory linked
to MCTIC, and industries.

CONCEA - Not yet recognized,
but can be used as long

as it complies with
regulatory standards.

O

Brazil  ANVISA - the model is not yet
a reality in the assessment

of biological safety.

Organ-on-a-chip technology

Figure 2. Some highlights in the OoC technology recognition evolution scenario.

Table. Impact of commercial OoC platforms on the industry.

PHARMACEUTICAL INDUSTRY

TARGET ORGAN

OoC DEVELOPER

Target identification and validation
Novo Nordisk

AstraZeneca

Discovery

Galapagos

Galapagos

Roche

Pharmacokinetics and Pharmacodynamics

Astellas

AstraZeneca
Pre-clinical safety
Roche

Roche

Janssen, AstraZeneca
AstraZeneca
AstraZeneca, Roche, Bayer
Bayer

Bayer

Clinical development

Roche

Blood vessels
Liver and pancreas
Blood vessels
Blood vessels
Intestine

Intestine

Proximal renal tubule, blood vessels

Liver

Liver
Intestine
Liver
Bone marrow
Bone marrow
Liver, thyroid

Skin tumor

Intestine

MIMETS
TissUse
MIMETS
MIMETS

MIMETS

MIMETS

Emulate

Emulate
Emulate
Emulate
Emulate
TissUse
TissUse

TissUse

MIMEIAS

Source: Prepared by the authors based on Adoption of Organ-on-chip Platforms by the Pharmaceutical Industry®.
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Comparison with
pre-clinical data obtain
from animals

Platform production
Platform integration

Cell source
Cell support

-\ standards

Regulatory acceptance

Qualification
Developing

Validation Regulatory

agencies

Guide to OoC

Source: Prepared by the authors based on the NIH presentation at the Emulate: How Government Funding Spurs Scientific Innovation webinar.

Figure 3. Summary of NHI’s Tissue Chips program in collaboration with FDA, NCATS and Defense Advanced Research Projects Agency (DARPA), industries,

developers, and suppliers with their respective activities.

distances and metabolic rates to emulate in vivo communica-
tion between organs®.

Still discussing challenges, EUROoCS presented a list of them, as
well as opportunities for the development of OoC technology®
and the need to meet regulatory requirements for acceptance
and validation by agencies, as shown in Figure 4.

Research aimed at the quality control of biological products has
been emerging for potency studies that meet the guidelines of
the World Health Organization (WHO). Microfluidic devices have
been showing results that demonstrate the potential to improve
the evaluation of the bioactivity of mesenchymal cells and their
influence on vasculogenesis, and of botropic antivenom, to neu-
tralize snake venom. This is particularly relevant for overcoming
the limitations of conventional analytical methods in capturing
functional potency“42.

A study was recently published on the use of OoC in the field
of phyto-nanomedicine for the treatment of osteoarticular dis-
eases. The results showed that these models allow precise con-
trol and high-throughput screening to identify phytoconstitu-
ents for release through nanoparticles, effective from complex
plant extracts, with minimal sample requirements compared to
conventional methods*'.

A more up-to-date perspective recognizes that an equivalence of
approaches accepted from a regulatory point of view generally
does not imply the direct replacement of one test by another.
Instead, it is understood that it is necessary to integrate all avail-
able information so that it complements existing approaches,
providing a more comprehensive and detailed understanding of

http://www.visaemdebate.incgs.fiocruz.br/

possible adverse effects’. This view reflects the growing appre-
ciation of alternative and complementary methodologies to bet-
ter assess the safety and efficacy of products, minimizing the use
of traditional models.

The studies also highlight the following challenges for
implementation:

« Standardization: ensuring the uniformity of cells and tissues,
as well as compatibility with the device’s manufacturing
materials®.

« Validation: the complexity of the process. The conventio-
nal method, which compares the results of the new method
with the “old” one, is inadequate, as it does not cover all
toxicity tests and companies often develop specific devices.
Furthermore, validation involves a long process of standar-
dization and harmonization of the method, which is neces-
sary for its inclusion in technical guides, such as those from
the OECD*.

« Intellectual property: the OECD is reluctant to accept guide-
lines that include models protected by intellectual property,
to avoid creating monopolies in the industry.

« Costs: the development of devices and the transition from
prototypes to large-scale production, depending on the
material used, can require high investments®.

o Other challenges: the preference for primary cells over
immortalized lineages, as well as logistical difficulties
in supplying human cells. Ethical issues also emerge,
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- OPPORTUNITIES I
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Different cell types in
a single system

Multiple organ

Disease models

Ease of use

interaction
1
Build
Complex models relevant
models to
! mimic human
Sensor integration physiology
as much

| as possible

Standardization

Reference compounds
for testing OoC

Validation and
acceptance by

regulatory agencies

Source: Prepared by the authors based on the EURO0CS Portal®.

Figure 4. List of opportunities and challenges and interaction with regulatory agencies, according to EUROoCS.

especially in the use of embryonic stem cells and the pos-
sibility of multi-organ systems mimicking the human body
so accurately that they can be considered life forms, rai-
sing complex ethical dilemmas. This point becomes parti-
cularly relevant in the face of technological advances that
connect organ modules by vascular perfusion, forming a
“body-on-a-chip”, recreating interactions between organs,
physiological relationships, metabolic pathways, significant
biological barriers, and complete body responses to drugs, in
a manner similar to what occurs in vivo'®3.

To overcome these barriers, it is crucial to develop coordinated
human tissue supply chains and resolve ethical issues related to
the use of donated organs and informed consent?.

OoC market

The World Economic Forum classified this technology as one
of the most promising in 2016, highlighting its transformative
potential for the pharmaceutical industry3*.

A study carried out on the OoC market estimated that the market
value in 2024 will be approximately 0.30 billion dollars, with a
growth forecast to reach 1.15 billion by 2029, with North Amer-
ica being the largest market®'. Nevertheless, this region is the
geographical area with the highest number of patents filed™.
The FDA regulatory agency, acting as a non-financial partner, has
been active as a catalyst, improving communication between
stakeholders and disseminating information through projects in
regulatory science, advances in scientific knowledge, as well as
other support activities®.

The advance of the market is motivating, but the potential of
0oC models for regulatory acceptance depends on the opportu-
nities created to expand and develop initiatives that generate

http://www.visaemdebate.incgs.fiocruz.br/

consistent results that demonstrate the efficacy of the trials,
and, in this sense, the aforementioned model of active action by
the FDA, providing regulatory direction, is an example that can
be followed by other regulatory agencies.

CONCLUSIONS

The use of OoC models represents a significant innovation in drug
development, allowing biological interactions to be simulated in
controlled environments. This technology has the potential to
generate results comparable to the reactions observed in human
beings. The scientific literature already presents a large num-
ber of studies, particularly in the toxicological field, highlighting
the predictive potential and applicability of these devices as an
alternative to animal experimentation.

For regulators to feel confident about accepting the test results
described in the product registration and/or maintenance of
conformity processes, the results must be robust. In addition,
the description and execution steps of the tests must be in line
with recognized quality requirements. This depends on the use
of validated methods, with properly planned experiments that
consider the specificities of the product being tested.

Although OoC technology is on its way to becoming widely
accepted as a human-specific experimental platform for
pre-clinical research and therapeutic testing, there are still
challenges to overcome and limitations related to method
validation, costs, scalability, reproducibility, standardiza-
tion, intellectual property, ethical issues related to the use
of embryonic stem cells and multi-organ systems, and regu-
latory approval. In the global context, especially in the US
and Europe, the adoption of this technology has advanced,
driven by consistent collaborative initiatives between indus-
tries, research centers and government agencies that have
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been generating data to support validation actions and the

establishment of regulatory requirements.

Collaboration between stakeholders is essential, and, in this sense,
sending data to regulatory agencies generated from OoCs highlights
the promising potential of the model, which is corroborated by the

upward trend observed in market analysis and patent filings.

REFERENCES

Oliveira NR et al.  Organ-on-a-chip technology

In view of this, Brazil, despite its rich intellectual capital in
research, needs to organize itself institutionally and advance
in cooperation with different entities, aligning itself with
international initiatives. This is essential to boost research
and expand the opportunities related to OoC technology,
allowing the country to position itself as a leader in transla-
tional research in Latin America.
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