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Abstract

: Dosiomics is an emerging field in radiotherapy that focuses on the
extraction and analysis of quantitative characteristics of dose distribution patterns.
Compared to traditional dosimetry, which primarily relies on volume-dose metrics,
dosiomics provides a deeper understanding of the relationship between dose
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distributions and clinical outcomes.

: This systematic review was conducted with the PRISMA
checklist. A comprehensive search was performed in PubMed, Scopus,
ScienceDirect, and Google Scholar to identify studies related to dosiomics in
radiotherapy. Articles published within the last 10 years were included. Following
the title and abstract screening of 250 articles, two authors selected 32 articles for
evaluation of the full texts, and a narrative synthesis of the data was performed.

: The findings indicated that dosiomics, by integrating high-dimensional
dose data with modern computational techniques such as machine learning and
artificial intelligence, can improve tumor control and reduce side effects in patients
undergoing radiotherapy. Main studies have demonstrated the predictive potential
of dosiomics across various cancer types, emphasizing its significant role in
optimizing dose delivery and enhancing the accuracy of normal tissue complication
probability (NTCP) models.

. Integrating dosiomics into clinical radiotherapy can facilitate the

design of personalized treatment approaches and create opportunities for further ggm&gtjr:\;)y DOS'OBLCSSe’
optimizing therapeutic techniques. However, challenges such as data heterogeneity Distribution ’ Machine

and the need for standardization must be addressed through multicenter
collaborations and technological advancements to unlock the full potential of
dosiomics in clinical practice.
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Integrating Dosiomics into Radiotherapy Practice

Introduction

The field of oncology is undergoing a paradigm
shift due to the development of precision medicine,
which tailors treatment strategies according to
individual patient characteristics. In this context,
radiomics has emerged as a crucial tool for
extracting quantitative features from medical
images and transforming them into actionable data.
By linking imaging phenotypes to clinical
outcomes, radiomics can enhance our understanding
of tumor biology and foster personalized diagnostic
and therapeutic strategies. Therefore, the way paves
the dosiomics, which extends radiomics by focusing
on the spatial and quantitative complexities of
radiation dose distributions.

Radiomics and  dosiomics  serve  as
complementary pillars of precision oncology,
enhancing radiation therapy outcomes through data-
driven approaches. Radiomics involves the
extraction of high-dimensional quantitative features
from imaging modalities. This process enables
detailed descriptions of tumor phenotypes,
heterogeneity, and treatment responses—patterns
that often elude human observation.

Dosiomics, as a natural evolution of radiomics,
analyzes spatial and statistical dose distributions. It
captures variations that influence biological
outcomes, providing valuable insights into how
different dose distributions can affect treatment
efficacy.

Dosiomics is a new frontier in medical imaging
and radiation therapy that systematically extracts
and analyzes quantitative features of radiation dose
distributions. Unlike radiomics, which focuses on
imaging data, dosiomics integrates unique spatial
and contextual features to reveal their biological and
clinical significance. This approach enhances
radiomics by incorporating treatment-specific
information, thereby enabling the prediction of
outcomes and toxicities in radiation therapy. By
leveraging advancements in  computational
modeling, machine learning, and artificial
intelligence, dosiomics can facilitate personalized
and adaptive radiation therapy.

Although radiation therapy is a cornerstone of
cancer treatment, its efficacy often entails side
effects. The clinical relevance of dosiomics lies in
linking precise dose distribution patterns to
treatment outcomes and potential toxicities. By
delivering granular dose-response data, dosiomics
optimizes treatment plans, maximizing
effectiveness while minimizing harm. This study
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presents a systematic review of dosiomics,
examining its conceptual foundations, workflows,
and clinical applications while underscoring the
need for interdisciplinary collaboration to enhance
outcomes in precision oncology.

Methodology

This systematic review explores the integration of
dosiomics into clinical radiation therapy, adhering to
the PRISMA checklist. A comprehensive search was
conducted across databases such as PubMed, Scopus,
ScienceDirect, and Google Scholar to identify studies
on dosiomics published in the past 10 years. The
search, conducted on October 19, 2024, focused on
human studies, reviews, and clinical trials published
in English or Persian, excluding irrelevant studies and
non-original research such as commentaries and
conference abstracts. Two authors screened the titles
and abstracts of identified studies, and the full texts of
potentially relevant articles were evaluated. A
narrative synthesis categorized the findings based on
their relevance to dosiomics, employing qualitative
analysis to summarize key outcomes and draw
conclusions on clinical implications.

Results

The findings of this study summarize the
integration of dosiomics in radiation therapy. 32
articles that met the inclusion criteria were
evaluated. The results are organized around key
themes related to the application and impact of
dosiomics in clinical settings. They discuss the
fundamental principles of dosiomics, including

feature extraction from radiation dose
distributions,  and  highlight  milestones
demonstrating its potential to personalize

radiation therapy, optimize treatment based on
individual characteristics, and improve
therapeutic outcomes while reducing side
effects.

The dosiomics workflow comprises several
key sequential steps. First, data is collected from
various sources. Next, features related to the
distribution of radiation doses are extracted and
preprocessed to prepare for further analysis.
Features are then evaluated and selected, often
using dimensionality reduction to enhance
modeling. Subsequently, model development
occurs, followed by performance assessment and
validation.
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Dosiomics has significant applications in
radiation therapy. The primary use of this
method is to predict therapeutic outcomes,
thereby facilitating clinical decision-making.
Additionally, dosiomics forecasts treatment-
related side effects, helping identify patients at
high risk of complications. It also facilitates
adaptive radiation therapy by enabling dose
adjustments based on individual patient
characteristics. Integrating dosiomics with data
from other omics disciplines offers further
opportunities to optimize and personalize
treatment.

The field of dosiomics is rapidly advancing
and has made significant contributions to
predicting clinical outcomes in radiation therapy.
For instance, Liang et al. demonstrated that
dosiomics could predict radiation-induced
pneumonitis in patients with non-small cell lung
cancer treated with volumetric-modulated arc
therapy (VMAT), achieving results comparable
to those of traditional NTCP models. Similarly,
Huang et al.’s hybrid model integrated dosiomics
and radiomics features for stereotactic body
radiation therapy (SBRT), achieving superior
predictive accuracy. Despite the limitations of
small sample sizes and the lack of external
validation, these studies underscore the potential
of dosiomics in modern oncology.

Although dosiomics holds great promise, its
integration into clinical practice presents
challenges, including technical, computational,
clinical, and ethical dimensions. Addressing
these issues is essential for fully exploiting the
potential of dosiomics.

Discussion
The integration of dosiomics into
radiotherapy represents a significant

advancement in precision oncology. As this
systematic review highlights, dosiomics extends
the capabilities of radiomics by incorporating
radiation dose distribution data, offering a more
granular understanding of tumor behavior and
treatment outcomes. Its potential to predict
therapeutic efficacy and side effects makes it an
invaluable tool in personalized radiation therapy,
helping clinicians tailor treatments to individual
patient needs.
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Despite the promising findings, several
challenges remain in fully integrating dosiomics
into clinical practice. Technical limitations such
as data heterogeneity, the need for advanced
computational infrastructure, and the complexity
of model development pose significant hurdles.
Additionally, ethical considerations, including
patient privacy and data security, must be
carefully managed. While the studies reviewed
demonstrate the potential of dosiomics in
predicting clinical outcomes, further research
with larger, externally validated datasets is
necessary to refine and substantiate these
approaches.

In conclusion, dosiomics stands at the
forefront of transforming radiation therapy into a
more personalized and adaptive treatment
modality. Overcoming the current challenges
will pave the way for its broader clinical
implementation, ultimately improving patient
outcomes and minimizing treatment-related side
effects.

Conclusion

Dosiomics is a transformative approach for
enhancing the precision and effectiveness of radiation
therapy in oncology. By analyzing complex radiation
dose distributions and employing computational
methods, dosiomics improves treatment outcome
predictions, reduces toxicities, and personalizes
cancer therapy. The ability of this method to extract
spatial, intensity, texture, and shape features
represents a significant advancement over traditional
dosimetry. Although research has highlighted the
potential to improve tumor responses and manage
toxicity, challenges such as data heterogeneity and
standardization remain. Continued interdisciplinary
collaboration and the development of interpretable Al
techniques are crucial for unlocking the full potential
of dosiomics in clinical practice.
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