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CrussMarl

This review aimed to assess the recent advancements in radiological techniques for
cancer diagnosis, focusing on the clinical applications and the potential for these
technologies to improve patient experiences and personalize the diagnostic process.
A detailed literature search was conducted in several databases up to February
2024, using a combination of keywords and Medical Subject Headings (MeSH)
terms related to "cancer diagnosis" and "radiological techniques." The inclusion
criteria were peer-reviewed articles in English that focus on advanced imaging
modalities in cancer diagnosis. Data were synthesized to identify key
advancements, challenges, and future directions. The advancements in photon
counting detector Computed Tomography (CT), quantitative imaging biomarkers,
and emerging diagnostic substances like radiotracers were highlighted. The review
identified significant improvements in imaging techniques such as multiparametric
Magnetic Resonance Imaging (MRI) and diffusion-weighted imaging. It also
addressed the clinical, technological, and economic challenges in adopting these
advancements globally, as well as the initiatives aimed at improving access to
advanced diagnostics. The importance of collaboration between radiologists,
oncologists, and engineers in optimizing these technologies for clinical use was
emphasized. Radiological advancements have enhanced the capacity for precise and
personalized cancer diagnosis, with a significant positive impact on patient care.
Despite the promising developments, challenges related to access and
implementation persist. Addressing these issues requires global efforts to ensure
equitable access to advanced diagnostics and collaborative innovation to refine and
integrate these technologies into clinical practice, ultimately leading to better global
health outcomes.
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1. Introduction

Cancer is a major global health challenge,
responsible for millions of deaths worldwide and
placing a significant burden on individuals, families, and
healthcare systems. According to the World Health
Organization (WHOQ), cancer is one of the leading causes of
death globally, accounting for approximately 10 million
deaths annually (1). The impact of cancer extends beyond
mortality, affecting the quality of life for individuals living
with the disease and their caregivers (2). It poses physical,
emotional, and financial challenges (2). Early detection and
effective diagnostic strategies are crucial in improving
cancer outcomes. Timely intervention when the disease is
more treatable can significantly impact survival rates (2).
Advanced imaging modalities and molecular diagnostics
play a key role in early detection, accurate diagnosis, and
staging of cancer (3). These techniques provide valuable
information about tumor size, location, and potential
metastases, aiding in treatment planning and decision-
making (3).

Radiological advancements offer an ideal method for
enhancing cancer diagnoses. Radiology plays a crucial role
in cancer detection, staging, and treatment planning (4).
Traditional radiological techniques, such as X-rays,
computed tomography (CT), and magnetic resonance
imaging (MRI), have been excellent tools in visualizing
anatomical structures and detecting tumors (4, 5). However,
recent developments in radiological techniques have
expanded the abilities and precision of cancer diagnostics
(2). One significant advancement is the advent of
functional imaging modalities, such as positron emission
tomography (PET) and single-photon emission computed
tomography (SPECT) (6). These methods offer an
understanding into the metabolic and molecular processes
of tumors, allowing for the detection of regions exhibiting
irregular cellular activities (6). PET, in particular, utilizes
radiotracers that selectively accumulate in cancer cells,
allowing for the detection of small lesions and the
assessment of tumor aggressiveness (6).

Another notable advancement is the integration of
advanced imaging technologies, such as multiparametric
MRIs and diffusion-weighted imaging (DWI) (7). These
techniques provide detailed information about tissue
characteristics, microstructural changes, and blood flow
patterns, aiding in the differentiation between malignant
and benign lesions (7). Additionally, functional MRIs
techniques, such as dynamic contrast-enhanced MRIs
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(DCE-MRI) and magnetic resonance spectroscopy (MRS),
offer a comprehensive understanding into tumor vascularity
and metabolic alterations, respectively (8). Furthermore,
the development of hybrid imaging systems, such as PET-
CT and PET-MRI, has revolutionized cancer diagnostics by
combining functional and anatomical information in a
single examination (9). These hybrid systems offer
improved sensitivity and specificity, enabling more
accurate tumor localization, staging, and treatment response
assessment (9). Advancements in radiological techniques
also include the utilization of artificial intelligence (Al) and
machine learning algorithms (10). Al-based approaches
have shown promise in automating image analysis,
improving lesion detection, and aiding in radiological
interpretation  (10). These technologies can assist
radiologists in making more accurate and efficient
diagnoses, particularly in complex cases or when dealing
with large volumes of imaging data (10).

Based on the observed gaps in the comprehensive
comparison of the efficacy and specificity of advanced
radiological techniques against traditional methods across
various cancer types, and the underexplored integration of
artificial intelligence in enhancing diagnostic accuracy and
patient outcomes in oncology, the aim of this study was to
review the recent advancements in radiological technigues
for cancer diagnosis. Specifically, this review seeks to
clarify the comparative effectiveness and utility of
emerging imaging modalities and provide a critical analysis
of their implications for clinical practice and patient care.

2. Methods and Materials

This narrative review explored the recent advancements
in radiological techniques in cancer diagnosis. Our
literature search aimed to identify, evaluate, and synthesize
findings from a range of sources to provide an in-depth
understanding of the current state of the art and its
implications for clinical practice.

2.1.  Search Strategy

We conducted a detailed search of electronic databases
including PubMed, Scopus, Web of Science, and IEEE
Xplore for studies published from January 2013 to
February 2024. To ensure a broad and inclusive retrieval of
relevant literature, we used a combination of keywords and
Medical Subject Headings (MeSH) terms related to "cancer
diagnosis," "radiological techniques,” "advanced imaging
modalities,” "artificial intelligence,” and "machine
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learning." Boolean operators (AND, OR) were employed to
combine these terms in various configurations to optimize
the search. For example, our search strings included
combinations such as "cancer diagnosis AND radiological
techniques," "advanced imaging modalities OR radiology
AND cancer,” and "artificial intelligence OR machine
learning AND cancer diagnosis."

2.2. Inclusion and Exclusion Criteria

Studies were selected based on the following inclusion
criteria: (1) articles published in English, (2) studies
focusing on the application of radiological techniques in
cancer diagnosis, and (3) articles that investigated the
efficacy, specificity, challenges, and clinical integration of
these technologies. Exclusion criteria included non-peer-
reviewed articles, studies not related to cancer diagnosis,
and articles focusing solely on treatment outcomes without
a diagnostic component.

2.3. Data Extraction and Synthesis

Key information was extracted from each article,
including study design, objectives, methodologies, key
findings, and conclusions. This information reinforced our
review's structure, directly informing the development of
our plan. Our literature search revealed key topics and gaps
in current knowledge, which influenced the structure of our
review as follows:

e Traditional Diagnostic Methods and Their Limitations
e Advancements in Imaging Techniques

— Conventional Imaging Modalities

— Emerging Imaging Technologies

— Role of Diagnostic Substances

— Molecular,  Metabolic, Genomic, and

Proteomic Imaging

— Integration of Al with Traditional Modalities

e Patient-Centered Approaches
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e Global Access and Disparities

¢ Regulatory and Approval Processes
e Collaboration Between Disciplines
e Challenges and Future Directions

3.  Traditional Methods and Their

Limitations

Diagnostic

Conventional diagnostic methods, including physical
exams, laboratory testing, and imaging technologies like X-
rays, CT scans, and MRIs, play a pivotal role in cancer
detection and treatment planning (5). However, these
traditional approaches have limitations. Physical exams can
only detect surface abnormalities, missing internal or small
cancers (5). Laboratory tests, while monitoring specific
biomarkers, often lack the specificity for a definitive cancer
diagnosis, leading to potential misinterpretations (11).
Similarly, standard imaging techniques, despite their utility
in visualizing anatomical structures, struggle to distinguish
between benign and malignant tumors accurately,
particularly in early cancer stages (2, 11). This inadequacy
emphasises the necessity for advanced diagnostic
techniques capable of enhancing detection accuracy,
refining disease staging, and facilitating personalized
treatment plans (2). The heterogeneity of cancer types, each
with unique characteristics, challenges conventional
diagnostics (12). Generic methods like physical exams and
laboratory tests fail to capture the subtle distinctions among
various malignancies (12). Although conventional imaging
provides valuable understanding on the tumor location and
size, it frequently falls short in detecting minor cancer
spread or accurately assessing tumor margins (12). The
critical need for diagnostics offering comprehensive
visualization and genetic profiling of tumors is evident. For
a detailed comparison of the advantages and limitations of
traditional imaging modalities versus advanced imaging
techniques in oncology, refer to Table 1.
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Advantages and limitations of traditional imaging modalities compared to advanced imaging techniques in oncology

Imaging Modality

Advantages

Limitations

Clinical Applications

X-rays (13)

Computed Tomography (CT) (14)

Magnetic Resonance Imaging
(MRY) (15)

Ultrasound (16)

Nuclear Medicine (PET/SPECT)
)]

Widely available and cost-effective.

Useful for detecting bony
abnormalities and calcifications.
Rapid imaging acquisition allows
for quick assessment in emergency
settings.

High spatial resolution enables
detailed anatomical visualization.

Rapid scan times facilitate imaging
of moving structures, such as the
heart or lungs.

Versatile imaging modality suitable
for various body regions and
pathologies.

Excellent soft tissue contrast allows
for superior delineation of tumor
margins and surrounding structures.
Multiplanar imaging capabilities
provide comprehensive anatomical
assessment.

No ionizing radiation exposure,
making it safe for repeated imaging
and pediatric patients.

Non-invasive and widely available
imaging modality with no ionizing
radiation exposure.

Real-time imaging capability allows
for dynamic assessment of moving
structures, such as blood flow or
fetal development.

Portable and cost-effective, suitable
for bedside or point-of-care
imaging.

Functional imaging modalities
provide insights into metabolic and
molecular processes within tumors.
High sensitivity for detecting small
lesions and assessing treatment
response.

PET/CT and SPECT/CT hybrid
imaging combine functional and
anatomical information for more
accurate localization and staging.

Limited soft tissue contrast

Often insufficient for detecting early-
stage tumors or subtle abnormalities.

lonizing radiation exposure poses
potential risks, particularly in frequent
or pediatric imaging.

lonizing radiation exposure, although
reduced with modern techniques,
remains a concern, especially in
cumulative or pediatric imaging.

Limited soft tissue contrast compared
to MRI, impacting sensitivity for
certain tumor types.

Contrast agent administration may
pose risks, particularly in patients with
renal impairment or allergies.

Longer acquisition times compared to
CT may result in motion artifacts or
patient discomfort.

High cost and limited availability in
certain healthcare settings may restrict
access to MRI imaging.

Contraindications such as metallic
implants or claustrophobia may limit
patient suitability for MRI scans.

Operator-dependent technique, with
image quality influenced by operator
skill and patient factors.

Limited penetration and resolution in
obese or deep-seated structures may
hinder visualization of certain tumors
or anatomical details.

Suboptimal visualization of structures
behind gas-filled organs or bones,
limiting imaging in these regions.
Limited anatomical detail compared to
CT or MRI, requiring correlation with
other imaging modalities for precise
localization.

Radiotracer availability and decay
limitations may restrict imaging
scheduling and timing.

Radiation exposure associated with
radiotracer administration, although
typically lower than conventional CT
scans.

Skeletal imaging for bone fractures
and lesions.

Dental imaging for caries detection
and root canal assessment.

Chest X-rays for pulmonary
conditions such as pneumonia or
lung cancer.

Trauma imaging for assessing
internal injuries and hemorrhages.
Oncological staging for tumor
localization, extent evaluation, and
treatment planning.

Vascular imaging for detecting
aneurysms, stenoses, or thromboses.

Brain imaging for tumor
characterization and
neurodegenerative diseases.

Breast imaging for detecting and
characterizing breast lesions.

Musculoskeletal imaging for
evaluating joint pathology and soft
tissue tumors.

Obstetric imaging for fetal
monitoring and anomaly detection.

Abdominal imaging for evaluating
liver, gallbladder, and renal
pathology.

Vascular imaging for assessing
blood flow and detecting deep vein
thrombosis.

Oncological imaging for tumor
detection, staging, and treatment
response assessment.

Neurological imaging for evaluating
brain function and
neurodegenerative diseases.

Cardiac imaging for myocardial
perfusion assessment and viability
testing.

CT: Computed Tomography, MRI: Magnetic Resonance Imaging, PET: Positron Emission Tomography, SPECT: Single Photon Emission Computed

Tomography

4. Advancements in Imaging Techniques

Conventional
Current State in Oncology

Imaging Modalities:

Evolution and

The evolution of conventional imaging modalities has
had a profound impact on the field of oncology, offering
clinicians a range of tools for the diagnosis, staging, and
monitoring of cancer (18, 19). As these modalities have
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advanced, they have provided increasingly sophisticated
ways to visualize tumors, understand their behavior, and

guide treatment (18-20).

X-ray Imaging has transitioned from simple two-
dimensional imaging to digital mammography, which has
significantly improved the detection of breast cancer,
particularly in its early stages (21). The ability to detect
microcalcifications and subtle changes in breast tissue
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density has made mammography an indispensable
screening tool in oncology (21).

Computed Tomography (CT) scans have become more
refined, offering high-resolution images that are invaluable
in the detection and staging of various cancers. The
development of multi-slice CT has enabled detailed cross-
sectional views of the body, allowing for the precise
localization of tumors and assessment of metastatic spread
(2, 22). With the aid of contrast agents, CT scans can also
provide information about the vascular supply to tumors,
which is crucial for planning treatments such as surgery or
radiotherapy (22).

Magnetic Resonance Imaging (MRI) has seen
enhancements in its ability to differentiate between tissue
types, making it particularly useful for brain, spinal, and
musculoskeletal cancers (15, 23). High-resolution images
with contrast detail offer a clearer picture of tumor margins,
which is critical for surgical planning (15, 24). Advanced
MRIs techniques, such as functional MRIs and whole-body
diffusion-weighted imaging, are now being used to assess
tumor biology and response to treatment (24).

Ultrasound has evolved with higher resolution and
Doppler capabilities, allowing for the non-invasive
assessment of soft-tissue tumors and the evaluation of
blood flow in cancerous tissues (16). Ultrasound-guided
biopsies have become a routine procedure in diagnosing
various cancers, providing a minimally invasive option to
obtain tissue samples (16).

The evolution of these imaging modalities has been
guided by the need for greater accuracy and specificity in
cancer detection, as well as the requirement to reduce
exposure to radiation and invasive procedures (25). As a
result, these traditional modalities have not only improved
in their imaging capabilities but also in their safety and
utility in oncology. Each of these modalities plays a unique
role in the management of cancer, and their continuous
improvement has significantly enhanced the clinician's
ability to provide personalized cancer care (25). The
ongoing advancements in conventional imaging modalities
hold promise for even more precise cancer diagnosis, better
treatment outcomes, and improved patient quality of life
(25).

4.1. Emerging Imaging Technologies: Advancements in
Oncological Diagnostics

The field of oncology has greatly benefited from the
advancements in emerging imaging technologies, which
offer enhanced sensitivity and specificity in the diagnosis
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and characterization of cancers (26). Technologies such as
Positron Emission Tomography (PET), Single Photon
Emission Computed Tomography (SPECT),
multiparametric Magnetic Resonance Imaging (mpMRI),
and Diffusion-Weighted Imaging (DWI) have provided
new opportunities for detecting diseases early, accurately
determining the extent of the disease, and monitoring how
well treatments are working (26, 27). Table 2 provides a
detailed overview of each technology's capabilities and
applications in oncology.

Positron Emission Tomography (PET) has become a
cornerstone in oncology for its ability to detect
metabolically active tumors (27). The development of
cancer-specific tracers has improved the specificity of PET
imaging, allowing for targeted imaging of various cancer
types. Functional imaging with PET is essential for
assessing  cancer  metabolism,  tracking  therapy
effectiveness, and identifying cancer recurrence, therefore
playing a critical role in tailoring treatment for cancer
patients (27).

Single Photon Emission Computed Tomography
(SPECT), while similar to PET in its functional approach,
uses different radiotracers and provides complementary
information (28). Advancements in SPECT technology,
including hybrid SPECT/CT systems, have improved the
anatomic localization of tumors (28). SPECT's ability to
assess regional tumor biology and heterogeneity is
particularly useful in personalized treatment planning and
dose optimization in radionuclide therapy (28).

Multiparametric MRIs (mpMRI) is an advanced imaging
approach that integrates anatomical, functional, and
molecular imaging (29). It has demonstrated potential in
identifying and determining the extent of prostate cancer,
breast cancer, and liver cancers. mpMRI combines different
MRI sequences to offer a thorough examination of the
tumor environment, encompassing its blood supply, cell
density, and chemical alterations (29). This multifaceted
strategy is crucial for differentiating between non-
cancerous and cancerous tissues and evaluating the severity
of malignancies (29).

Diffusion-Weighted Imaging (DWI) is an MRIs
technique that measures the diffusion of water molecules
within tissue and is particularly sensitive to tissue density
and cellularity (30). DWI has become a powerful tool in
oncology for its ability to distinguish between cancerous
and normal tissues without the need for contrast agents
(30). It is especially useful in the early detection of primary
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and metastatic brain tumors, as well as in the assessment of
treatment response in other cancer types (30).

These emerging imaging technologies are continually
refined through the integration of Al, enhancing image
quality, and quantification (20, 21, 30). The ability of these
modalities to provide a non-invasive insight into the
molecular and functional aspects of cancer makes them
indispensable in the era of precision oncology (30). The

Health Nexus 2:1 (2024) 43-56

advancements in PET, SPECT, mpMRI, and DWI represent
a transformative shift in the oncological imaging landscape
(30). They enable clinicians to visualize cancer in
unprecedented detail and offer a more nuanced
understanding of tumor biology, which is critical for
advancing personalized cancer care and improving patient
outcomes.

Table 2

Comparison of Diagnostic Substances Used in PET and MRI Imaging.

Diagnostic Substance

PET Imaging

MRI Imaging

Fluorodeoxyglucose (FDG) (31)

Prostate-Specific Membrane Antigen (PSMA)
(32)

18F-Fluciclovine (Axumin) (33)

Gadolinium-based Contrast Agents (34)

Radiotracer used to assess glucose metabolism in
tissues.

Widely employed in oncology for detecting
various cancers.

Particularly useful for visualizing hypermetabolic
lesions indicative of malignancy.

Radiolabeled ligand targeting PSMA, a
transmembrane protein overexpressed in prostate
cancer cells.

Enables highly specific detection of prostate
cancer lesions, including primary tumors and
metastases.

Enhances sensitivity and accuracy in prostate
cancer staging and therapeutic monitoring.

Radiotracer targeting amino acid transport,
particularly elevated in prostate cancer cells.

Enables detection of recurrent prostate cancer in
post-treatment settings, including local recurrence
and distant metastases.

Enhances diagnostic accuracy and guides salvage
therapy decisions in patients with biochemical
recurrence.

Intravenous contrast agents used to enhance signal
intensity in MRI scans, aiding in tissue
characterization and lesion detection.

Offer superior soft tissue contrast and spatial
resolution compared to non-contrast MRI
sequences.

Widely employed in oncologic MRI for detecting
and characterizing tumors, assessing treatment
response, and monitoring disease progression.

Contrast agent used to enhance signal intensity in
MRI scans.

Primarily utilized for anatomical imaging and
functional assessment.

Limited role in direct cancer detection but may
aid in characterizing tumor vascularity or blood-
brain barrier disruption.

Targeted imaging agent for detecting PSMA
expression in prostate cancer.

Offers improved visualization of primary and
metastatic lesions compared to conventional MRI
techniques.

Facilitates precise localization and
characterization of prostate cancer foci for
treatment planning and monitoring.

PET imaging agent used to detect sites of
increased amino acid metabolism, indicative of
prostate cancer recurrence.

Provides superior sensitivity and specificity
compared to conventional imaging modalities for
detecting small lesions and guiding targeted
biopsy or therapy selection.

Gadolinium-based contrast agents are widely
used in MRI imaging for oncological
applications.

They enhance the contrast between tumor and
normal tissue, aiding in the detection,
characterization, and staging of malignancies.
These agents are particularly useful in assessing
tumor vascularity, blood-brain barrier integrity,
and treatment response.

PET: Positron Emission Tomography, MRI: Magnetic Resonance Imaging

4.2. Role of Diagnostic Substances: Utilization of
Contrast Agents and Radiotracers in Oncology

Diagnostic substances, including contrast agents and
radiotracers, are crucial in enhancing imaging modalities
(35). They significantly improve tumor visualization, offer
valuable functional insights into cancerous tissues, and aid
in the precise staging and monitoring of the disease (35).

Contrast Agents are used extensively with CT and MRIs
to outline anatomical structures and highlight abnormalities
indicative of cancer (35). In CT, iodinated contrast agents
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enhance the density of blood vessels and tumors, aiding in
the detection and characterization of oncological lesions
(36). Gadolinium-based agents in MRIs improve the
visibility of tumors by altering the magnetic properties of
the tissue, providing excellent soft tissue contrast crucial
for detecting and staging cancer, as outlined in Table 3.
Radiotracers in PET imaging has revolutionized the
detection and assessment of cancer by allowing for the
visualization of metabolic processes (37). FDG is widely
used in PET scans due to its effectiveness in highlighting
areas of high glucose metabolism, a common characteristic
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of cancer cells (37). The introduction of more specialized
tracers, such as those targeting PSMA in prostate cancer,
has further improved the specificity of PET scans for
certain cancers, which is particularly beneficial for early
detection and treatment monitoring. The use of such
diagnostic substances is extensively detailed in Table 3,
providing an understanding on their function and clinical
applications.

Hybrid imaging techniques: The utilization of these
substances has also led to the development of hybrid
imaging techniques such as PET/CT and PET/MRI, which
combine functional and anatomical imaging data for a more
comprehensive oncological assessment (38). These
techniques allow for better localization of the metabolic
abnormalities detected by PET, enhancing the diagnostic
process, as discussed in Table 3.

In addition to their diagnostic value, these substances are
also pivotal in treatment planning (39). For instance,
contrast-enhanced MRIs can guide the biopsy process,
ensuring that the most representative area of the tumor is
sampled (39). Similarly, PET imaging can assess the
efficacy of therapies by measuring changes in the metabolic
activity of tumors over time. The role of diagnostic
substances in oncology extends beyond imaging to include
theranostics, an emerging field that combines therapy and
diagnostics (38, 39). Certain radiotracers can be used not
only to diagnose cancer but also to deliver targeted
radiotherapy to cancer cells, as further explored in Table 3.
The utilization of contrast agents and radiotracers
represents a significant advancement in cancer diagnostics,
contributing to the early detection, accurate staging, and
effective monitoring of various cancer types (39). As
research continues, we anticipate the development of newer
diagnostic substances with even greater specificity and
sensitivity, further revolutionizing the field of oncological
imaging (23, 39).

4.3.  Molecular, Metabolic, Genomic, and Proteomic
Imaging: Innovations in Cancer Diagnostics

Advancements in molecular, metabolic, genomic, and
proteomic imaging have significantly improved cancer
diagnosis (40). These technologies enable clinicians to
observe and evaluate cancer at a cellular and molecular
scale, offering insights that surpass the capabilities of
conventional imaging methods.

49

Health Nexus 2:1 (2024) 43-56

Molecular Imaging involves the visualization of specific
molecules in the body and is pivotal for the detection of
cancer (40). It often utilizes imaging modalities such as
PET and SPECT, combined with targeted radiotracers, to
identify molecular changes associated with cancer (40). For
example, the use of tracers that target cell surface receptors
or other tumor-specific antigens enables the visualization of
cancer spread and may also inform on the most effective
therapeutic approach (40).

Metabolic Imaging, particularly through PET scans
using FDG, has been instrumental in oncology for its
ability to illuminate areas of high glucose consumption, a
hallmark of many cancer cells (41). Metabolic imaging
helps distinguish between benign and malignant lesions,
evaluate cancer aggressiveness, and track therapy response
by showing tissue metabolic activity (41). Table 3 outlines
the precise uses and advantages of metabolic imaging in the
field of oncology.

Genomic Imaging seeks to correlate imaging findings
with genomic data, offering a non-invasive means to gather
genomic information (42). This imaging subset is part of
the growing field of radiogenomics, which holds promise
for identifying genetic mutations based on imaging
characteristics (42). By doing so, it could potentially
predict patient prognosis and response to targeted therapies.

Proteomic Imaging is an emerging field that focuses on
the study of the proteome as it pertains to cancer (43).
Proteomic imaging seeks to improve the comprehension of
cancer biology and facilitate the creation of new
biomarkers for cancer detection and targeted therapy by
pinpointing protein expressions and alterations in tumors
(43).

These advanced imaging techniques are reshaping the
landscape of cancer diagnostics by providing detailed
insights into the molecular and cellular processes of cancer
(43). This facilitates the early detection and accurate
characterization of tumors and supports personalized
medicine by enabling treatment to be tailored to the
individual molecular profile of each patient's cancer (43).
The integration of these imaging modalities into clinical
practice represents a significant challenge, requiring
specialized equipment and expertise (43, 44). However, the
potential benefits they offer in terms of improved
diagnostic precision and personalized treatment plans are
substantial, emphasising the importance of continued
research and development in this area (44).
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Diagnostic Imaging  Function Clinical Applications Advantages Disadvantages
Substance Modality
Fluorodeoxyglucose ~ PET Radiotracer that accumulatesin ~ Oncological imaging for High sensitivity for Limited specificity,
(FDG) (31) scans metabolically active tissues, detecting primary tumors, detecting leading to false positives.
including tumors, due to metastases, and assessing malignancies. Accumulation in
increased glucose metabolism. treatment response. Versatile applications inflammatory or infectious
Provides functional information  Differentiating between across various cancer  Jesions.
about tumor activity. benign and malignant types.
lesions, aiding in cancer
staging.
Prostate-Specific PET Targeted radiotracer that binds Prostate cancer imaging for ~ High specificity for Limited availability and
Membrane Antigen scans to PSMA receptors, highly primary tumor localization,  prostate cancer higher cost compared to
(PSMA) (32) expressed in prostate cancer lymph node staging, and detection. Accurate conventional PET tracers.
cells. detecting metastases. localization of Potential false negatives in
Enables specific visualization of ~ Assessing treatment primary and PSMA-negative tumors.
prostate cancer lesions. response and disease Mmetastatic lesions.
recurrence in prostate
cancer patients.
Gadolinium-based MRI Intravenous contrast agents that ~ Brain imaging for detecting ~ Excellent tissue Risk of NSF in patients
Contrast Agents enhance the visibility of blood and characterizing brain contrast enhancement  with impaired renal
(44) vessels and areas with disrupted  tumors, vascular for visualizing function.
blood-brain barriers, such as malformations, and vascular structures Potential allergic reactions
tumors. inflammation. and lesions. and gadolinium retention
Highlight areas of abnormal Assessing tumor No radiation in certain patient
vascularity and leakage. vascularity and exposure, making it populations.
permeability in oncological  safe for repeated use
imaging for treatment in patients.
planning and monitoring.
lodinated Contrast CTscans Intravenous contrast agents that ~ Abdominal imaging for Rapid enhancement of  Potential nephrotoxicity,
Agents (45) opacify blood vessels and detecting liver lesions, vascular structures especially in patients with
enhance contrast between renal masses, and vascular and lesions, allowing pre-existing renal
tissues with differing densities. abnormalities. for dynamic imaging impairment.
Improve visualization of Pulmonary imaging for studies. Radiation exposure
vascular structures and tumors evaluating pulmonary Wide availability and associated with CT scans.
with increased vascularity. embolism, lung nodules, familiarity in clinical
and bronchial lesions. practice.
Ferumoxytol (46, MRI Superparamagnetic iron oxide Oncological imaging for High relaxivity and Limited availability and

47)

nanoparticle-based contrast
agent that accumulates in
tissues with macrophage
activity, such as tumors and
inflammatory lesions.
Provides functional and
molecular information about
tissue composition.

detecting and
characterizing liver lesions,
lymph node metastases, and
soft tissue tumors.
Assessing tumor-associated
inflammation and
angiogenesis in cancer
patients.

prolonged blood pool
enhancement,
allowing for delayed
imaging acquisitions.
No risk of NSF
compared to
gadolinium-based
agents.

off-label use, leading to
potential regulatory
constraints.

Higher cost compared to
conventional MRI contrast
agents.

CT: Computed Tomography, MRI: Magnetic Resonance Imaging, NSF: Nephrogenic Systemic Fibrosis, PET: Positron Emission Tomography

4.4,

Integration of Al with Traditional
Showcase Al's Impact in Oncology Through Case

Studies and Recent Breakthroughs

Modalities:

emerging technologies in
enhanced by Al, Table 4 offers an in-depth look at their
implications for transforming oncological care.

radiology,

including those

Al in Mammography: In breast cancer screening, Al

have

been

trained

on thousands of

The integration of Artificial Intelligence (Al) with
traditional imaging modalities is forging a new frontier in
cancer diagnostics (48). Al's ability to learn from large
datasets and identify patterns has brought about a
significant leap in the accuracy, efficiency, and predictive
power of cancer detection and monitoring (48). For a
comprehensive understanding of the clinical applications of
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algorithms
mammograms to distinguish between benign and malignant
lesions (49). Recent studies demonstrated that Al model
outperformed experienced radiologists in reducing both
false positives and false negatives, offering a promise of
improved early detection rates which is critical for
successful treatment outcomes (49).
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Al in Radiomics: Al's use in radiomics involves
extracting several features from radiographic medical
pictures to reveal illness traits that are imperceptible to the
human eye (50). An innovative study demonstrated the
ability of Al to forecast gene changes in lung cancer using
routine CT images, which could enable non-invasive
genetic testing and individualized treatment strategies (50).

Al in MRI: Al has transformed prostate cancer treatment
by enhancing the precision of mpMRI (51). Al helps
differentiate between aggressive and non-aggressive forms
of cancer by evaluating photos for malignancy-related
patterns, which assists in determining treatment decisions.
It is crucial to prevent unnecessary treatment of slow-
growing tumors and to accurately focus treatment on fast-
growing malignancies (51).

Table 4

Emerging Technologies in Radiology and Their Clinical Applications

Health Nexus 2:1 (2024) 43-56

Al in CT Imaging: Al models are being created to
improve the accuracy of CT scans for lung cancer detection
(52). The algorithms can accurately detect tiny nodules and,
when paired with the patient's clinical history, can forecast
the probability of malignancy (52). This progress is
particularly important for the early identification of lung
cancer, as survival rates are strongly linked to the stage of
diagnosis (52).

Clinical Impact and Implications: Al technology is
advancing and is likely to grow more complex as it
integrates with traditional imaging methods (48-52). It will
play a larger role in improving diagnostic accuracy,
tailoring treatments, and predicting outcomes in cancer care
(52). This collaboration is expected to improve patient care,
decrease delays in diagnosis, and perhaps result in

substantial enhancements in cancer survival rates.

Imaging Modality Advantages

Disadvantages

Clinical Applications

Photon Counting Detector CT
(PCD-CT) (53)

Higher spatial resolution, allowing
for improved visualization of small
anatomical structures and early
detection of lesions.

Reduced radiation dose compared
to conventional CT scanners.

Improved tissue contrast and
material decomposition
capabilities.

Quantitative Imaging Biomarkers Objective and reproducible

(54) measurements of tissue
characteristics, aiding in disease
diagnosis, prognosis, and treatment
response assessment.

Enables longitudinal monitoring of
disease progression and treatment
efficacy.

Facilitates personalized treatment
planning by identifying patients
likely to benefit from specific
therapies.

Automation of routine tasks such
as image interpretation,
segmentation, and lesion detection,
leading to improved workflow
efficiency and radiologist
productivity.

Enhanced diagnostic accuracy and
consistency through integration of
Al algorithms for image analysis
and decision support.

Predictive modeling and risk
stratification for identifying high-
risk patients and optimizing
treatment strategies.

Personalized anatomical models
and surgical guides for
preoperative planning and
intraoperative navigation, reducing

Al and Machine Learning in
Radiology (52)

3D Printing in Radiology (55)

Limited availability and higher cost
compared to conventional CT
scanners.

Longer acquisition times due to the
need for multiple energy thresholds.

Potential artifacts from photon
counting technology, requiring
optimization and validation.

Standardization and validation of
quantitative imaging biomarkers are
ongoing challenges.

Variability in imaging protocols and
acquisition parameters may affect
biomarker accuracy and
reproducibility.

Integration into clinical practice
requires interdisciplinary
collaboration and infrastructure
support.

Limited interpretability and
transparency of Al algorithms,
posing challenges for clinical
validation and regulatory approval.

Data privacy and security concerns
related to the use of patient health
information for algorithm training
and validation.

Integration into existing clinical
workflows may require substantial
investment in infrastructure,
training, and maintenance.

Cost and time constraints associated
with 3D printing processes,
including equipment, materials, and
labor.

Cardiovascular imaging for coronary
artery evaluation and plaque
characterization.

Oncological imaging for detecting
small tumors, assessing tumor
vascularity, and evaluating treatment
response.

Bone imaging for identifying
microfractures and assessing bone
mineral density.

Cancer imaging for assessing tumor
volume, density, and perfusion
characteristics.

Neurological imaging for quantifying
brain tissue changes in
neurodegenerative diseases and
traumatic brain injury.

Cardiovascular imaging for
evaluating myocardial function,
tissue viability, and coronary artery
disease.

Oncological imaging for lesion
detection, segmentation, and
characterization, aiding in cancer
diagnosis, staging, and treatment
planning.

Musculoskeletal imaging for fracture
detection, joint disease assessment,
and bone lesion characterization.

Chest imaging for pulmonary nodule
detection, lung cancer screening, and
tuberculosis diagnosis.

Surgical planning and simulation in
orthopedic, craniofacial, and
maxillofacial surgeries.

Oncological imaging for tumor
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surgical time and improving
surgical outcomes.

Customized patient-specific
implants and prosthetics for
reconstruction following trauma,
cancer resection, or congenital

Regulatory and quality assurance
considerations for ensuring
accuracy, reliability, and safety of
printed models and devices.

Limited evidence on long-term

SE( outcomes and cost-effectiveness
abnormalities. compared to traditional approaches,
Training and education tools for warranting further research and
medical professionals and patients,  validation.

visualization, margin assessment, and
radiation therapy planning.

Patient education and communication
tools for explaining complex
diagnoses and treatment options.

enhancing understanding of
complex anatomical structures and
pathologies.

Al: Artificial Intelligence, CT: Computed Tomography

5. Collaboration Between Disciplines:
Innovation in Diagnostic Technologies

Driving

Interdisciplinary collaboration greatly speeds up the
advancement of diagnostic technology, particularly in
oncology (2). The interdependent interaction among
radiologists, oncologists, computer scientists, and engineers
is crucial for developing and applying sophisticated
diagnostic technologies (2).

Radiologists and oncologists possess a profound
comprehension of clinical requirements and the nuances of
cancer diagnosis and therapy (2, 27, 37). Their views are
crucial for identifying the issues that new technologies seek
to address and for offering clinical validation of these
improvements (27).

Computer scientists apply advanced computer methods
such as Al and machine learning algorithms to enhance
medical imaging (2, 27). Their skill is crucial for managing
the large volumes of data produced by modern imaging
technology and for creating software capable of learning
from this data to recognize cancer-related trends (40, 42).

Engineers collaborate with radiologists and oncologists
to create innovative imaging devices due to their expertise
in developing and constructing advanced equipment (40).
They play a crucial role in converting computational
algorithms into practical applications, guaranteeing that
these advancements are successful, trustworthy, and user-
friendly in a healthcare environment (40).

This collaborative setting promotes an innovative
culture that allows for overcoming the constraints of
separate specialties (2, 27, 37). For instance, incorporating
Al into imaging techniques, like creating Al-driven
diagnostic programs for analyzing images, necessitates the
smooth merging of these varied disciplines (42). Computer
scientists require the clinical expertise of radiologists to
efficiently train algorithms, while engineers assure the
seamless integration of software with imaging gear (2).
Moreover, this interdisciplinary method is crucial for
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understanding and maneuvering through the regulatory and
ethical aspects of medical technology (27). Every field
offers a distinct viewpoint that is essential for tackling the
issues related to using new technology in clinical settings,
including regulatory approval and ethical concerns in
patient treatment (40). The advancement of diagnostic
technology in cancer relies heavily on ongoing and
improved collaboration within these fields (2). These
individuals collaborate to drive technical innovation and
ensure that these developments directly benefit cancer
patients globally.

6. Challenges and Future Directions: Navigating the
Landscape of Cancer Diagnostics

Progress in radiographic methods for cancer detection
has difficulties across clinical, technological, and economic
areas (55-57). From a clinical perspective, it is crucial to
ensure that new diagnostic techniques enhance both
accuracy and patient outcomes. This implies that new
technologies need to be both sensitive and specialized, as
well as accessible and actionable for patient care (3, 58,
59).

Clinical Challenges involve incorporating sophisticated
diagnostic tools into established care protocols. These paths
need to incorporate new technology like Al-driven tools,
necessitating doctors to have faith and comprehension of
novel data interpretation methods (3, 60). There is the
continuous problem of ensuring that healthcare workers are
taught and kept current with these rapid changes (3).

Technological Challenges involve the ongoing
improvement and enhancement of diagnostic instruments.
Innovation must be balanced with reliability, usability, and
the capacity to incorporate new technologies into current
healthcare systems (61, 62). Maintaining the operational
efficiency and user-friendliness of diagnostic instruments
becomes increasingly problematic as they get more
complicated (61, 62).
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7. Conclusion

This narrative review outlines the progress in
radiographic modalities crucial for cancer detection,
emphasizing a trend towards precision and personalization
in oncological care. Advancing from traditional imaging to
utilizing advanced techniques such as photon counting
detector CT and multiparametric MRI significantly
improves our diagnostic capabilities, allowing for more
precise identification, characterization, and monitoring of
malignancies. The main focus of this discussion is the
thorough analysis of new diagnostic substances like
contrast agents and radiotracers, which have significantly
improved the accuracy and precision of existing imaging
methods. These advancements aid in early tumor diagnosis
and offer significant information on tumor physiology,
improving treatment approaches and prognosis. The
assessment also recognizes the significant difficulty of
ensuring fair access to these sophisticated diagnostics
worldwide. It promotes a focused initiative to remove
obstacles to access, emphasizing the essential nature of
global partnerships, legislative changes, and infrastructure
funding in making healthcare innovation more accessible to
all.  The crucial importance of interdisciplinary
collaboration in this technological growth is paramount.
The collaboration of radiologists, oncologists, engineers,
and computer scientists promotes an environment of
innovation, essential for creating, testing, and ethically
incorporating novel diagnostic technologies into clinical
settings. This collaborative structure is crucial for both
technological progress and for managing the regulatory and
ethical challenges that come with using new technology in
clinical settings. Advancements in imaging techniques,
together with a more profound understanding of cancer at
the molecular and genetic levels, are expected to
significantly enhance oncological diagnostics. The shift
towards more detailed and personalized diagnostic methods
is crucial for boosting patient outcomes, improving the
quality of life for cancer patients, and eventually, reaching
the ambitious objectives of precision oncology.
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