
Opinion
Volume 11:04, 2025

ISSN: 2476-2261 Open Access

Journal of Oncology Translational Research

Preclinical Models: Advancing Understanding and
Therapies
Hannah Kohler*
Department of Molecular Oncology Research, Zurich Center for Medical Innovation, Zurich, Switzerland

Introduction

Here’s the thing about cancer drug development: patient-derived organoids and
xenografts are transforming how we test new treatments. These models, which
come directly from human tumors, really capture the complexity and diversity we
see in actual patients. What this really means is they offer a much more accu-
rate platform than traditional cell lines for predicting how a drug might perform in
a clinical setting, enabling researchers to identify effective therapies and under-
stand resistance mechanisms much more thoroughly before moving into human
trials.[1].

When it comes to Alzheimer’s disease research, preclinical models are absolutely
critical. They allow us to investigate intricate disease mechanisms and test po-
tential treatments in a controlled environment with greater precision. While we’ve
made significant strides, particularly with genetically engineered animal models
that mimic key aspects of the disease, there are still challenges in fully capturing
its scope. What’s important is continually refining these models to better reflect the
full complexity of human Alzheimer’s, which will ultimately lead to the development
of more effective and targeted therapies.[2].

For understanding and combating COVID-19, non-human primate models have
been invaluable. They offer a strong physiological similarity to humans, making
them excellent tools for studying viral pathogenesis, understanding transmission
dynamics, and rigorously evaluating vaccine and antiviral efficacy. These models
have played a crucial role in accelerating our response to the pandemic by pro-
viding vital data that guides clinical decisions and significantly aids therapeutic
development efforts.[3].

When researching psoriasis, an autoimmune skin condition, preclinical models are
essential for unraveling its complex pathology and identifying new therapeutic tar-
gets more precisely. We’re seeing ongoing advancements in mouse models that
closely mimic human psoriatic lesions, which is a big deal for research. These
updated models allow for more precise testing of novel compounds and help us
better understand the intricate inflammatory pathways driving the disease, bring-
ing us closer to more effective and personalized treatments.[4].

Let’s break down heart failure research: preclinical models are indispensable for
dissecting the intricate mechanisms behind this devastating condition and meticu-
lously evaluating potential new drugs. Recent advances highlight the development
of more sophisticated animal models that better replicate the chronic and progres-
sive nature of human heart failure. Thesemodels, including those involving genetic
modifications and surgical interventions, are crucial for identifying novel therapeu-
tic strategies and testing their efficacy before they ever reach clinical trials.[5].

Here’s the thing with neuromuscular diseases: developing effective gene therapies
relies heavily on robust preclinical models. These models, often involving specific
genetic mutations in mice or other animals, are key to understanding disease pro-
gression and diligently validating the safety and efficacy of gene delivery vectors
and therapeutic transgenes. They help us fine-tune dosing and delivery methods
with greater accuracy, which is absolutely critical for successful translation to hu-
man patients and better patient outcomes.[6].

Understanding Type 2 Diabetes Mellitus and finding new treatments requires re-
liable animal models. We’ve seen an update in these models, with researchers
moving towards more complex systems that reflect the multifactorial nature of the
disease, including insulin resistance, beta-cell dysfunction, and chronic inflamma-
tion. These updated models are crucial for evaluating new antidiabetic drugs and
therapies, bringing us closer to managing this widespreadmetabolic disorder more
effectively.[7].

When we talk about assessing drug safety, advanced preclinical models are chang-
ing the game in toxicology testing. What this really means is moving beyond tradi-
tional animal studies to incorporate sophisticated in vitro human-relevant systems
like organ-on-a-chip and 3D cell cultures. These innovations allow for more accu-
rate prediction of human toxicity, significantly reducing reliance on animal testing
and speeding up the safety assessment process for new chemicals and pharma-
ceuticals, leading to faster drug development.[8].

For cancer immunotherapy, preclinical models are foundational, but they comewith
limitations. While animal models have provided insights into immune responses
against tumors, they don’t always fully recapitulate the human tumor microenvi-
ronment or immune system complexity. The key is to address these limitations by
developing more sophisticated models, like humanized mouse models or patient-
derived organoids, to better predict clinical outcomes and advance immunotherapy
treatments more effectively.[9].

Liver fibrosis, a major health concern, requires robust preclinical models to explore
its progression and identify new therapies. What we’re seeing are new develop-
ments in these models, including genetically engineered mice and toxin-induced
models, that offer a clearer picture of fibrotic pathways. These advancements are
crucial for evaluating antifibrotic compounds and understanding the cellular and
molecular mechanisms driving the disease, paving the way for more effective treat-
ments and better patient prognosis.[10].

Description
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Preclinical models are foundational in biomedical research, serving as indispens-
able tools for investigating disease mechanisms, evaluating potential treatments,
and assessing drug safety across a wide spectrum of human conditions. Advances
in these models are continually refining our understanding and accelerating ther-
apeutic development. What this really means is researchers are moving towards
more sophisticated systems that better replicate the complexity and diversity seen
in actual patients and human biology [1, 2, 3, 4, 5, 6, 7, 8, 9, 10].

Here’s the thing about cancer research: patient-derived organoids and xenografts
are transforming drug development by capturing the intricacies of human tumors,
offering a more accurate platform for predicting drug performance than traditional
cell lines [1]. These models help identify effective therapies and understand resis-
tance mechanisms before clinical trials. However, preclinical models for cancer
immunotherapy, while foundational, still come with limitations. While animal mod-
els provide insights into immune responses, they often don’t fully recapitulate the
human tumor microenvironment or immune system complexity. Addressing these
limitations means developing more sophisticated models, like humanized mouse
models or patient-derived organoids, to better predict clinical outcomes and ad-
vance immunotherapy treatments [9].

When it comes to Alzheimer’s disease, preclinical models are absolutely critical for
investigating disease mechanisms and testing potential treatments in a controlled
environment. Significant strides have been made with genetically engineered ani-
mal models, but continually refining them is important to better reflect the full com-
plexity of human Alzheimer’s, leading to more effective therapies [2]. Similarly,
understanding Type 2 Diabetes Mellitus and finding new treatments requires re-
liable animal models. Updates in these models now incorporate more complex
systems that reflect the multifactorial nature of the disease, including insulin resis-
tance, beta-cell dysfunction, and chronic inflammation. These updated models are
crucial for evaluating new antidiabetic drugs and therapies [7].

For autoimmune conditions like psoriasis, preclinical models are essential for un-
raveling complex pathology and identifying new therapeutic targets. Ongoing ad-
vancements in mouse models closely mimic human psoriatic lesions, allowing for
more precise testing of novel compounds and a better understanding of inflamma-
tory pathways [4]. In viral research, specifically for COVID-19, non-human primate
models have been invaluable due to their strong physiological similarity to humans.
They are excellent for studying viral pathogenesis, transmission, and evaluating
vaccine and antiviral efficacy, accelerating pandemic responses [3]. Let’s break
down heart failure research: preclinical models are indispensable for dissecting
mechanisms and evaluating new drugs. Recent advances highlight sophisticated
animal models that replicate the chronic and progressive nature of human heart
failure, crucial for identifying novel therapeutic strategies [5]. Also, liver fibrosis, a
major health concern, requires robust preclinical models to explore its progression.
New developments include genetically engineered mice and toxin-induced mod-
els that offer a clearer picture of fibrotic pathways, crucial for evaluating antifibrotic
compounds [10].

Here’s the thing with neuromuscular diseases: developing effective gene therapies
relies heavily on robust preclinical models. These often involve specific genetic
mutations in animals, key to understanding disease progression and validating
the safety and efficacy of gene delivery vectors and therapeutic transgenes. They
help fine-tune dosing and delivery methods, critical for successful translation to
human patients [6]. When we talk about assessing drug safety, advanced preclin-
ical models are changing the game in toxicology testing. What this really means
is moving beyond traditional animal studies to incorporate in vitro human-relevant
systems like organ-on-a-chip and 3D cell cultures. These innovations allow for
more accurate prediction of human toxicity, reducing reliance on animal testing
and speeding up safety assessment for new chemicals and pharmaceuticals [8].

Conclusion

Preclinical models are essential tools across various medical fields, driving ad-
vancements in disease understanding and therapeutic development. For cancer,
patient-derived organoids and xenografts are transforming drug development by
more accurately mimicking human tumors, helping identify effective treatments
and resistance mechanisms. While foundational, cancer immunotherapy models
are evolving to better recapitulate the human immune system. In Alzheimer’s dis-
ease research, genetically engineered animal models are critical for investigating
mechanisms and testing treatments, with ongoing efforts to improve their human
relevance. Non-human primate models proved invaluable for COVID-19, offering
physiological similarity for studying viral pathogenesis and evaluating vaccine ef-
ficacy. Autoimmune conditions like psoriasis benefit from advanced mouse mod-
els that closely mimic human lesions, aiding in target identification. Heart failure
research utilizes sophisticated animal models to replicate the disease’s chronic
nature, crucial for developing novel therapeutic strategies. For neuromuscular dis-
eases, robust preclinical models are key for gene therapy development, ensuring
safety and efficacy before human trials. Understanding Type 2 Diabetes Mellitus
relies on updated animal models that reflect its multifactorial nature, facilitating
the evaluation of new antidiabetic drugs. In drug safety assessment, advanced
preclinical models move beyond traditional animal studies to incorporate human-
relevant in vitro systems like organ-on-a-chip and 3D cell cultures, enabling more
accurate toxicity prediction and faster safety assessments. New genetically engi-
neered and toxin-induced models for liver fibrosis are crucial for exploring disease
progression and identifying antifibrotic compounds.
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