
    Personalized medicine seeks to tailor medical treatment to the individual
characteristics of each patient, factoring in genetics, environment, and lifestyle.
One of the most promising developments in this field is the use of Patient-
Derived Organoids (PDOs), which are three-dimensional cultures grown from a
patient’s own tissue. These organoids faithfully replicate the structural and
functional characteristics of the original organ or tumor, offering a powerful,
patient-specific platform for disease modeling, drug screening, and therapeutic
decision-making. As a bridge between basic research and clinical practice,
PDOs are transforming the landscape of precision medicine by enabling the
direct translation of laboratory findings into patient care.

    The process of generating PDOs begins with the isolation of stem cells or
tumor cells from a patient’s biopsy or surgical specimen. Under defined culture
conditions, these cells are embedded in a supportive matrix and supplied with
growth factors that mimic the in vivo niche, prompting them to self-organize into
miniaturized versions of the original tissue. These organoids retain the genetic
mutations, histological architecture, and in some cases, the microenvironmental
interactions of the donor tissue, making them uniquely suited for studying
individual disease processes. In cancer, for instance, tumor-derived organoids
preserve tumor heterogeneity and can be used to assess responses to
chemotherapy, targeted therapy, and immunotherapy. The ability to grow these
models within a clinically relevant time frame makes them valuable tools for
guiding treatment choices in real time [1,2].

   Beyond oncology, patient-derived organoids are also being explored in the
context of genetic and infectious diseases. For example, intestinal organoids
derived from cystic fibrosis patients have been used to test the efficacy of
CFTR-modulating drugs, leading to personalized treatment regimens that
consider the specific genetic mutations of each patient. In infectious disease
research, organoids infected with patient-specific viral or bacterial strains can
help elucidate host-pathogen interactions and evaluate the effectiveness of
antimicrobial therapies. This patient-centric approach reduces reliance on
animal models, which often fail to capture the complexity and variability of
human disease, and offers a more ethical and accurate alternative for
preclinical studies [3,4]. The integration of PDOs into clinical workflows, 
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   In conclusion, patient-derived organoids represent a groundbreaking innovation
in personalized medicine, providing a functional and genetically accurate model
of individual patients’ tissues. By enabling the testing of therapies in a patient-
specific context, PDOs are helping to close the gap between the laboratory and
the clinic, ensuring that treatments are more targeted, effective, and safe. While
challenges remain in scaling and standardizing these systems, ongoing
advances in bioengineering, computational modeling, and integrative biology
promise to accelerate their clinical adoption. As the field matures, patient-derived
organoids are poised to become an indispensable tool in the quest for truly
individualized healthcare.
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however, poses several challenges. Standardization of culture protocols,
validation of organoid responses against clinical outcomes, and the development
of high-throughput systems are all necessary to make PDO-based testing
routine. Additionally, the incorporation of immune cells, stromal components, and
vascular networks is being explored to improve physiological relevance,
particularly in the study of immunotherapies and tumor microenvironment
dynamics. Emerging technologies, such as CRISPR-based gene editing and
single-cell sequencing, further enhance the utility of PDOs by enabling the
dissection of disease mechanisms at unprecedented resolution [5].
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