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  Organoids are three-dimensional structures derived from 
stem cells, which through self-organization can recapitu-
late the structure, function, and genetic traits of in vivo 
tissues and organs. Organoids have emerged as one of the 
most promising non-clinical experimental methods to re-
place animal testing and as an essential tool for basic and 
biomedical research. They can be generated from almost 
all patients, demonstrating exceptional potential in organ 
development, disease modeling, translational medicine, 
and personalized precision medicine. However, the highly 
variable procedures for manufacturing stem cell-derived 
organoids and the lack of reproducibility at endpoints re-
main challenges that must be addressed (1).
  Once reproducible organoid-based assays are secured, 
inter-lab transferability will increase, enabling the wide-
spread use of organoids in safety and efficacy evaluations 
of drugs and industrial chemicals, and further advancing 
the formal adoption of alternative testing methods. The 
FDA Modernization Act 2.0 in the United States, which 
has opened the door to non-animal testing for drug devel-
opment, has caused a significant global impact, and the 
European Food Safety Authority has published a roadmap 
for validating New Approach Methodologies (NAMs). In 

South Korea, the Pharmaceutical Affairs Act (Article 2) 
(2) classifies organoids within the category of non-clinical 
tests. These global initiatives are expected to accelerate the 
regulatory acceptance of NAMs, yet organoid commerciali-
zation hinges on the attainment of reproducible research.
  To align with the policies of regulatory bodies, ISO/TC 
276 (Biotechnology) has been working on standardization 
of organoid-based alternative testing methods from the 
perspectives of bioprocessing and analytical methods, and 
the Organisation for Economic Co-operation and Develop-
ment (OECD) from those of toxicity test guidelines for in-
dustrial chemicals. Scientists report (3) that culturing or-
ganoids to homogeneous sizes, along with well-defined ex-
tracelluar matrix and automation technologies, will be the 
turning points for standardizing mass production of high- 
quality organoids. Although it is difficult to address to-
gether, with the current level of knowledge, the lack of 
specificity in cell type composition, uncontrollable sizes 
and shapes, and functional deficiencies, discussions should 
be strong on critical assessment criteria at endpoints, in-
cluding essential cell compositions of organs and opti-
mized assessment methods (4).
  To offset the variations, we should improve our capacity 
to compare the structure and cellular complexity of orga-
noids against counterparts in vivo. The “Workshop on how 
to prepare the test guideline programme for emerging 
technologies” hosted by the OECD in 2022 highlighted 
the importance of developing documents to guide batteries 
of assays in recommendations for validating and approv-
ing emerging technologies such as organoids (5). That is, 
each element in a battery of assays should be technically 
validated – for instance, validated against biological rele-
vance, clear descriptions of test methods, and blind test-
ing, to ensure reproducibility over time and transferability 
to external laboratories.
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  In response to the recommendations from the the inter-
national organization and the requirements for stand-
ardization expressed by national stakeholders concerning 
organoids, the Ministry of Food and Drug Safety of South 
Korea, in partnership with Sungkyunkwan University, has 
inaugurated the Organoid Standards Initiative (OSI) and 
begun developing comprehensive guidelines in 2023 to faci-
litate standardized manufacturing and quality assessment 
of organoids. Organoid manufacturers, users, and regu-
latory bodies have joined in extensive discussions on the suit-
able quality of organoids, resulting in the publication of the 
‘Guidelines for manufacturing and application of organoids’ 
series based on empirical, theoretical, and statistical evidence.
  This issue of the International Journal of Stem Cells in-
cludes special reports based on the OSI guidelines. It fea-
tures the latest information on standard organ-specific pro-
duction and explores the future development directions: 
Ahn et al. (6), introduces cell type-specific culture strat-
egies for organoids and presents quantitative and qual-
itative testing methods at endpoints; Lee et al. (7), dis-
cusses factors critical to organoid viability, including cell 
and organoid packing and transportation methods; Moon 
et al. (8), provides up-to-date information on culturing 
conditions and procedures for hepatotoxicity evaluation 
organoids, liver-specific functionalities, essential cell com-
positions, and test methods for quality evaluation criteria; 
Lee et al. (9), for heart; Kang et al. (10), for kidney; Lim 
et al. (11), for lung; Kwak et al. (12), for brain; and Lee 
et al. (13), for skin. In addition to the above guidelines, 
Son et al. (14) established the standardized manufacturing, 
maturation, and quality assessment protocols for human in-
testinal organoids through OSI activites. These guidelines 
provide journal readers with trustworthy insights for ad-
vancing the organ-specific production and guiding them 
towards excellence in research and applications.
  Embrace the future of scientific innovation with the 
standardization of organoid production and quality evalu-
ation at endpoints–a transformative leap that promises to 
lower false positives and negatives in toxicity testing and 
drug development, enhancing test sensitivity and specific-
ity and increasing transferability, which will lead to regu-
latory acceptance. Our approach begins with redefining 
and enriching our collective wisdom in the form of refer-
ence standards. We are laying the cornerstone with quanti-
tative and qualitative measures to assess organoid ma-
turity–a starting point for groundbreaking progress in re-
fined organoid production and quality assessment tech-
niques. While these guidelines set the foundation, our vi-
sion extends beyond, anticipating the integration of com-
putational modeling to bridge the gap between in vivo and 

in vitro findings, alongside in silico models to assess stabil-
ity and effectiveness—frontiers we will explore through the 
OSI. Stay ahead with us; as organoid manufacturing tech-
nologies and analytical methods evolve, so too will our 
guidelines, ensuring you are always at the cutting edge of 
organoid research and application. 
  We extend our heartfelt gratitude to the visionary editors 
who have shown great interest in this special issue, to the 
chairs and members of the OSI subcommittees for their un-
wavering commitment, and to the Ministry of Food and 
Drug Safety for their invaluable contributions. This spe-
cial issue stands as a beacon for progress towards advanc-
ing organoid standardization.
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