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The use of molecular imaging that encompasses Positron Emission Tomography (PET), 

Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) offers a robust tool of 

visualizing and quantifying cellular and molecular biological processes in a non-invasive 

manner. These modalities also provide functional, metabolic and physiological data, in contrast 

to traditional imaging, which mainly represents the anatomic structures so that they can be 

detected early, staged, and the tumor monitored dynamically. PET involves the use of 

radiolabeled tracers such as 18F-FDG to identify localized regions of increased metabolic 

activity, and can be of particular use in oncology to identify primary and metastatic lesions, 

treatment response, and therapy adjustments.  

 

Figure 1: Molecular Imaging Techniques 

Source: (https://www.mdpi.com/2073-4360/13/17/2989) 

MRI provides high-resolution soft tissue contrast and advanced functional imaging techniques, 

including diffusion-weighted imaging (DWI), functional MRI (fMRI) and magnetic resonance 

spectroscopy (MRS), which together allow insights into tissue cellularity, tissue perfusion, and 

tissue biochemical composition. CT frequently paired with PET provides fast, high-resolution 

anatomy that is essential in structural assessment, procedure guidance, and overall staging. 

Combined, these imaging modalities are the foundation of precision oncology because they 

incorporate anatomical, functional, and molecular viewpoints. 
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Radiomics also complements the value of the molecular imaging further by deriving high-

dimensional quantitative characteristics of the medical images that reflect the shape, texture, 

intensity, and spatial heterogeneity of the tumor. Those characteristics demonstrate latent 

biological attributes like cellular density, necrosis, fibrosis and vascularization that could be 

invisible under conventional imaging. Radiomic can contribute to phenotyping of tumors, 

prognostic modeling, risk stratification, and therapy design plans, as it offers non-invasive, 

reproducible, and complete-tumor analysis. With the combination of radiomic data and clinical, 

genetic and molecular data, clinicians have the capacity to create prediction models that 

forecast response to treatment, determine regions resistant to therapy and monitor disease 

progression over time. The method enables clinical decisions that are better informed and data-

driven and the development of customized approaches to treatment. 

Radiogenomics provides an additional step of integration by comparing imaging phenotypes 

with genomic and molecular phenotypes and can predict tumor behavior, therapeutic 

sensitivity, and patient prognosis non-invasively. Real-time imaging is additive to these 

techniques in that they enable continuous functional and molecular observation of therapeutic 

response with frequent detection of early signs of metabolic or structural alterations before 

clinical manifestation. PET, advanced MRI, and liquid biomarkers such as circulating tumor 

DNA (ctDNA) are technologies in which clinicians are able to plan adaptive therapy based on 

dynamic tumor dynamics so as to alter treatment regimens. Together, molecular imaging, 

radiomics, radiogenomics, and real-time monitoring can offer a multidimensional, non-

invasive framework that can increase the precision of oncology, improve patient outcomes and 

enable truly personalized cancer care. 

4.1. MOLECULAR IMAGING TECHNIQUES (PET, MRI, CT) 

Molecular imaging can be defined as a set of progressive, non-invasive methods developed to 

visualize and measure biological processes at both the molecular and cellular scales in living 

organisms. In comparison to the traditional approaches of imaging, where the main emphasis 

is often put on anatomy or structure, the functional, metabolic, and physiological aspects of 

tissues and organs are observed in case of the molecular imaging. Such an opportunity allows 

clinicians to monitor disease processes in real time and identify early pathological changes as 

well as dynamic reactions to treatment. In cancer, as an example, molecular imaging can show 

the metabolic activity of tumors, receptors and cell proliferation patterns, which can hardly be 

provided by anatomical scans. 
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The most important molecular imaging modalities are Positron Emission Tomography (PET) 

and Magnetic Resonance Imaging (MRI), as well as Computed Tomography (CT), each of 

which has its own advantages. PET involves the use of radiolabeled tracers, which have been 

used in detecting metabolic or molecular activity, and is therefore invaluable in identifying 

active tumor site, or monitoring treatment response. MRI can give high-quality images of the 

anatomy and also functional data using methods such as diffusion-weighted imaging and 

spectroscopy and thus determine the composition and microenvironment of the tissues. CT is 

primarily structural, but may be supplemented with molecular contrast agents in order to show 

vascular patterns, or tissue-specific uptake. Combined, these modalities represent a potent, 

integrative strategy in early diagnosing, individualized treatment planning, and real-time 

tracking the disease progression and treatment response. 

 Positron Emission Tomography (PET) 

PET, which is highly sensitive with molecular imaging, is used to show biochemical and 

metabolic processes in tissues on a non-invasive basis and in a quantitative way. In contrast to 

the traditional anatomical imaging, PET images the functional activity on a molecular scale, 

which gives information on the cellular metabolism, receptor expression and other 

physiological processes. This ability enables clinicians to identify the activity of a disease 

before the structural changes are apparent, and PET is a priceless resource in oncology, 

neurology, and cardiology. 

 

Figure 2: Positron Emission Tomography (PET) 

Source: (https://my.clevelandclinic.org/health/diagnostics/10123-pet-scan) 
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Mechanism: 

PET is based on radiolabeled tracers, radiolabeled molecules or molecules that have been 

labeled with a positron emitter like fluorine-18 (^18F). Fluorodeoxyglucose is an analog of 

glucose known as a tracer commonly used in oncology (18F-FDG). Following intravenous 

delivery, the uptake of the proliferating tumor cell is preferentially metabolically active cells 

(such as metabolically active tumor cells), with rapidly proliferating cells (typically high 

glucose uptake) tending to be preferentially labeled by 18F-FDG. The radioactive isotope 

produces the positrons during the process of decay. Once these positrons come in contact with 

electrons in the adjacent tissues, they come to an end, and they emit pairs of gamma photons 

that move in opposite directions. The PET scanner captures such gamma rays and re-forms 

three-dimensional images of regions of metabolic activity. The accumulation of tracers can be 

evaluated by quantitative measurements using standardized uptake values (SUVs) which can 

be compared across time points or in different patients. 

Applications in Oncology: 

1. Cancer Detection: PET with an 18F-FDG is popularly applied to detect primary 

tumors and cancerous lesions as the areas where glucose metabolism is high, a typical 

characteristic of malignant cells. PET has the potential to identify occult tumors as seen 

on other imaging modalities and allow earlier diagnosis and treatment. 

2. Staging: PET is important in the staging of cancer to ascertain the disease. The presence 

of metastatic lesions in the lymph nodes, bones, liver, lung, or other organs, which may 

be not observed with CT or MRI, can be revealed with the help of whole-body PET 

imaging. Proper staging leads to the treatment planning, estimation of prognosis and 

eligibility to curative or palliative treatment. 

3. Therapy Monitoring: PET can be useful in assessing therapeutic response, whereby 

we monitor metabolic alterations in tumors which is usually visualized before 

anatomical alterations, e.g. reduction in size in CT or MRI. Reductions in tracer uptake 

are signs of effective treatment, but continued uptake or increased uptake of the tracer 

can reflect resistance or progression of the disease. PET is thus able to direct early 

changes in treatment options and enhance patient outcomes. 
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Advantages: 

 High Sensitivity: PET imaging has an extremely high sensitivity in terms of identifying 

localized regional hyperactivity of metabolism, and in many instances, it is able to 

reveal malignant or abnormal cellular processes in the body before visible change is 

observed using more conventional imaging techniques of CT or MRI. This is possible 

because this early disease detection capability enables clinicians to apply early 

interventions, optimize treatment plans and possibly enhance patient outcomes. Early 

diagnosis is also of vital importance when it comes to tracking the progression of a 

disease and predicting complications, thus, aiding in managing a patient more 

accurately and specifically. 

 Whole-Body Imaging: The ability of PET to image the entire body allows one to see 

both primary tumors and other possible areas of metastasis simultaneously, a 

characteristic that is considered one of the greatest strengths of the technique. The 

comprehensive examination will enable proper latex staging of the disease, guide the 

choice of the most viable treatment courses of action and improve the monitoring of 

cancer dissemination. Whole-body imaging can be especially useful in the detection of 

occult metastases or multifocal disease that otherwise may not be detected by a 

localized imaging modality, and improve clinical decision-making and targeted, more 

effective interventions. 

 Quantitative Analysis: PET imaging offers quantitative measurements of radiotracer 

uptake that are highly objective and reproducible and most are described as 

standardized uptake values (SUVs). Such measurements capture metabolic activity of 

tumors, and they can be used to monitor changes through time. Quantitative analysis 

enables clinicians to assess the response to therapeutic interventions accurately, 

measure baseline and follow-up research, and make evidence-based judgments about 

whether to modify or continue the treatment or not. PET allows planning of treatment 

individually, and increases the possibility of forecasting the prognosis and therapeutic 

outcome, providing the numerical and pictorial display of tumor metabolism. 

 Magnetic Resonance Imaging (MRI) 

Magnetic Resonance Imaging (MRI) is a non-invasive imaging system that uses high magnetic 

fields and radiofrequency (RF) pulses to create high-resolution anatomy images of organs and 

tissues. As opposed to imaging procedures, which use ionizing radiation, MRI exploits the 
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magnetic characteristics of hydrogen nucleuses in water and fat molecules to create a contrast 

to various forms of tissue. In addition to traditional anatomy imaging, new MRI technologies 

offer functional, physiological, and molecular imaging of tissue biology, thus MRI is a highly 

powerful instrument in oncology, neurology, and cardiology. 

Advanced MRI Techniques: 

1. Diffusion-Weighted Imaging (DWI): DWI measures the random Brownian 

movement of water molecules in the tissues. Cellularity of tissues and integrity of 

tissues can be indicated by the degree of water diffusion. In tumors, elevated cellular 

areas normally limit the movement of water, so the signal intensity is high on DWI with 

low apparent diffusion coefficient (ADC) measures. DWI is usually employed in the 

characterization of tumors, the early signs of malignancy, and treatment response 

evaluation. It is specifically useful in making a distinction between benign and 

malignant lesions, as well as in detecting residual or recurrent disease. 

2. Functional MRI (fMMRI): Functional MRI is a technique that measures the variation 

in blood oxygenation, which is connected to the perfusion and functional activity of the 

brain. fMRI is very popular in brain mapping to determine regions of the brain that are 

involved in motor, sensory and cognitive processes. Oncologists use fMRI to learn 

about tumor vascularization, heterogeneity of perfusion and the influence of tumors on 

the surrounding functioning tissue. This information helps during the planning of 

surgery, radiation therapy targeting and assessment of treatment induced changes in 

tumor physiology. 

3. Magnetic Resonance Spectroscopy (MRS): MRS is a method that assesses the 

biochemical make up of tissues by identifying select metabolites. Metabolic changes 

are a feature of cancer, and MRS can detect increased concentrations of choline and 

lactate and other metabolites related to tumor growth, hypoxia, or necrosis. The method 

allows the non-invasive metabolic profiling of tumors as a complement to structural 

imaging, as well as the provision of extra diagnostic and prognostic data. 
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Figure 3: Magnetic Resonance Imaging (MRI) 

Source: (https://www.researchgate.net/figure/Basic-Compartments-of-the-Magnetic-

Resonance-Imaging-MRI-System-Moore-and_fig2_269465794) 

Advantages: 

 Excellent Soft-Tissue Contrast: MRI provides superior differentiation of soft tissues, 

allowing precise delineation of tumor boundaries, local invasion, and involvement of 

adjacent structures. 

 No Ionizing Radiation: MRI is safe for repeated follow-up studies, making it suitable 

for longitudinal monitoring of disease progression and therapeutic response. 

 Functional and Molecular Insights: Advanced MRI techniques such as DWI, fMRI, 

and MRS enable non-invasive assessment of tumor biology, including cellularity, 

perfusion, and metabolism, facilitating comprehensive evaluation beyond anatomical 

imaging. 

 Computed Tomography (CT) 

Computed Tomography (CT) is an imaging modality that has become common and is used to 

produce detailed images of the body in cross-sectional images through the use of X-rays. CT 
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creates high-resolution tomography images by rotating an X-ray source and a detector around 

the patient, which offers a precise anatomical detail of tissues, organs and skeletal frames. CT 

allows structural and functional information integration with molecular imaging modalities 

(including Positron Emission Tomography, PEPS/CT) to contribute greatly to the accuracy of 

the diagnosis, staging, and treatment planning in cancer therapy. 

Applications in Oncology: 

1. Structural Assessment: CT scanning is one of the tools that are used most to identify 

tumors, assess the involvement of the organs, and find the abnormalities in the anatomy 

that accompanies malignancy. It offers precise visualization of tumor size, shape and 

local spread, and involvement of adjacent tissues, lymph nodes and the adjacent organs. 

CT would also be useful in the identification of calcifications, necrotic, or vascular 

invasion in tumors, which would be part of the assessment of the overall structure. 

2. Instruction on Biopsies and Interventions: CT is often used to direct less invasive 

interventions, including core needle biopsies, fine-needle aspirations, and percutaneous 

ablations. CT offers real time localization of anatomy that is important in ensuring that 

lesion is targeted correctly without causing too much damage to the body. Also, CT 

images are used to aid in surgical planning and treatment targeting to ensure effective 

delivery of treatment. 

3. Combined PET/ CT Imaging: PET can be tested with CT to detect metabolic activity 

and localization of anatomy at the same time. PET determines areas of high metabolism 

or increase in molecular activity whereas CT can give detailed structural context which 

enhances diagnostic confidence and accuracy. The hybrid imaging method is more 

especially helpful in staging cancers, identification of metastases, evaluation of 

response to treatment and in planning targeted therapies. 
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Figure 4: Computed Tomography (CT) 

Source: (https://www.hopkinsmedicine.org/health/treatment-tests-and-

therapies/computed-tomography-ct-scan) 

Advantages: 

 Rapid Imaging: CT offers fast acquisition times, enabling quick assessment of large 

body regions and making it suitable for critically ill patients or emergency settings. 

 High Spatial Resolution: CT provides excellent visualization of structural 

abnormalities, bone involvement, and calcifications, facilitating detailed anatomical 

evaluation. 

 Wide Availability: CT scanners are widely accessible in most clinical centers and are 

relatively straightforward to operate, making them a standard imaging tool in oncology. 

 Clinical Utility 

Techniques such as Molecular imaging such as, Positron Emission Tomography (PET), 

Magnetic Resonance Imaging (MRI) and Computed Tomography (CT) enable a detailed 

picture of tumor biology beyond conventional anatomical imaging. Temporal, functional, 

metabolic, and structural modalities provide clinicians with a way to make better decisions 

based on diagnosis, staging, therapy, and follow-up by providing them with functional, 

metabolic, and structural information simultaneously. Their use within the clinical workflows 

has become a necessity in precision oncology. 
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� Early Tumor Detection: Molecular imaging enables the detection of the malignancy 

before structural alteration manifest on conventional imaging. PET, e.g., can detect 

areas of heightened metabolic activity that is evidence of tumor growth, whereas the 

most recently developed MRI methods, e.g., diffusion-weighted imaging (DWI) can 

identify alterations in the cellularity of the tissues. Tumors can be spotted early, which 

leads to a timely intervention that may better prognosis and chances of curative 

treatment. 

� Precise Staging: It is important to determine the extent of the disease precision in order 

to plan treatment. PET/CT, and multiparametric MRI can provide a whole-body 

evaluation of primary lesions and metastases. These imaging methods can give specific 

details on the size of the tumor, invasion of the surrounding area, the presence of lymph 

nodes, and distant metastases. During accurate staging, the choice of surgical methods, 

radiation therapy, and systemic treatment are provided, and thus the patient outcomes 

are maximized. 

� Monitoring Therapeutic Response: Molecular imaging can be used to monitor the 

efficacy of treatment in real-time by assessing the metabolic or perfusion or cellular 

integrity of a tumor. The changes in tracer uptake can be shown by PET, and the 

response is positive after therapy, sometimes before tumor changes are noticeable. 

Correspondingly, MRI can be used to examine cellular level tissue response, e.g., DWI 

or perfusion. This has enabled clinicians to use adaptive treatment planning, adjusting 

therapies on-the-fly to optimize effect and reduce exposure to treatment regimens that 

do not work. 

� Individualized Treatment Planning: The combination of PET, MRI and CT results 

enables individual choices of therapeutic plans according to tumor biology, anatomic 

position, and functional states. PET determines the active regions of a tumor in relation 

to metabolism, MRI examines the characteristics and the vascularization of tissues, and 

CT allows a specific localization of the structures. With such complementary data, 

clinicians are able to customize the surgery, radiation, and systemic therapies to the 

distinct profile of each patient disease, improving accuracy and minimizing treatment-

associated toxicity. 

Molecular imaging is one of the pillars of precision oncology, as it can offer a multidimensional 

perspective on tumor volumes. The technologies facilitate informed clinical judgment, provide 
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adaptive and individualized care, and help to achieve better patient outcomes, which ultimately 

will promote the quality of care in cancer management. 

4.2. RADIOMICS AND IMAGE-BASED PHENOTYPING 

Radiomics is a new field of medical imaging that converts typical scans (CT, MRI, and PET) 

into high-dimensional and quantitative data. In contrast to traditional imaging where evaluation 

of the tumor size and shape or location is based on visual assessment, radiomics can retrieve 

hundreds and thousands of subtle features reflecting tumor heterogeneity, texture, intensity and 

spatial organization. These characteristics can be usually characteristic of the underlying 

biology such as density of cells, their vascularization, hypoxia and stromal makeup, which 

cannot be seen with the human eye. Radiomics can help to better understand the behavior and 

aggressiveness of tumors and how they may react to treatment by quantifying these properties 

systematically, allowing more informed and accurate clinical decision-making. 

Radiomics can be combined with other modalities of data, including genomic, proteomic and 

clinical data, to enable multidimensional tumor phenotyping. This is because this image-based 

phenotyping assists in risk stratification, predicting the outcome of prognosis and personalizing 

the treatment plan by showing the patterns that may associate with the treatment response or 

disease progression. Also, radiomics can inform the selection of patients in clinical trials, 

treatment efficacy, and early resistance indications, without subjecting patients to invasive 

procedures. Radiomics enhances precision in oncology and provides a noninvasive source of 

information about tumor biology that is not readily available with molecular assays or 

histopathology as it converts conventional imaging into a rich resource that can be analyzed. 

 Types of Radiomic Features 

Radiomics involves the extraction and quantitative analysis of numerous imaging features from 

medical images, each designed to capture specific biological, structural, or functional 

properties of tumors. These features are broadly classified into the following categories: 

1. Shape and Size Features 

The geometric and spatial features are represented by shape and size characteristics of tumors. 

They offer objective data on the morphology of tumors that extend beyond visual examination 

to assist the inference of biological behavior. Typical shape and size measures are: 
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 Volume: It is a measurement of three-dimensional space of the tumor. It is believed that 

the bigger the volume of the tumor, the later the disease and the worse the prognosis. 

 Surface Area: Measures the external border of the tumor, giving information on the 

complexity of tumor. 

 Sphericity: This test compares the tumor to a perfect sphere. Lower sphericity of 

tumors is more irregular and can tell of aggressive growth. 

 Compactness: The ratio of the tumor size in terms of its surface area, and volume can 

indicate growth patterns. 

 Elongation: This is a description of the ratio between the major and minor axes of the 

tumor: either the tumor grows stretched or in a rounded manner. 

 Irregularity: Records irregularities in smooth, regular forms, to emphasise complex 

tumor edges, which could indicate invasive possibility. 

Clinical relevance: 

Highly irregular, long, or non-spherical tumours tend to have more aggressive biological 

behaviour, be more invasive, and have worse prognosis. The analysis of shape may also help 

in treatment response assessment and surgery planning. 

2. Texture Features 

The texture features examine pixel or voxel intensities within the tumor in terms of spatial 

distribution and variation. These characteristics are able to capture tumor heterogeneity and 

structural intricacy, which are based on internal biological mechanisms: 

 Entropy: The degree of randomness in terms of intensity patterns, and as entropy 

increases, the heterogeneity of the tumor also increases. 

 Uniformity: Will indicate the regularity of the intensity values, and the greater the 

uniformity, the more homogenous the tumor region. 

 Coarseness: Refers to the texture pattern granularity or roughness, which can be related 

to tissue organization or fibrosis. 

 Contrast: Compares the intensity of the adjacent pixels or voxels to show the areas 

with in different cellular density. 

ISBN: 978-81-985724-3-1



PRECISION ONCOLOGY 

 

79 

 Correlation: Measures the linear dependence of intensity values across neighboring 

voxels and indicates structural regularity or structure. 

Clinical relevance: 

Texture analysis can identify necrotic regions, fibrosis, stromal content, and cellular density 

variations within tumors. These heterogeneities are critical in predicting tumor aggressiveness, 

metastatic potential, and treatment response. 

3. Intensity-Based Features 

Intensity-based features is concerned with distribution and intensity of imaging signal 

intensities in the tumor. They tend to offer functional information on tumor microenvironment: 

 Signal Mean and Median: The mean of the tumor voxels has been used as a measure 

of overall activity or tissue composition. 

 Variable: Standard Deviation and variance: Measure the distribution of the intensity 

values, which mean that it is heterogeneous or composed of mixed tissue. 

 Maximum and Minimum Intensity: Mark extreme values, which can be highly 

metabolically active or necrotic areas. 

Clinical relevance:  

Variations in intensity may indicate vascularization, perfusion, hypoxia, or metabolic activity. 

For example, high uptake in PET imaging signifies metabolically active tumor regions, while 

low-intensity areas in MRI may correspond to necrotic or fibrotic tissue. 

4. Spatial Distribution Features 

Spatial distribution characteristics determine the distribution of imaging signals in the tumor 

or with respect to normal tissues. These functions can map the patterns of tumor infiltration, 

the heterogeneity gradients, and the interactions with the surrounding structures: 

 Gradient Features: Assess the change in intensity value between the edges of the 

tumor, and it will show sharp edges or gradual changes. 

 Cluster or Neighborhood Analysis: Identify areas of similar or dissimilar intensity to 

measure both local heterogeneity and tumor subregions. 
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 Tumor-to-Background Ratios: Compare the intensity of tumor to the surrounding 

tissues to assess invasion, edema, or stromal interactions. 

Clinical relevance:  

Spatial distribution analysis is essential for understanding tumor progression, infiltration into 

adjacent tissues, metastatic potential, and resistance to therapy. It can also guide radiation 

therapy planning and predict regions at higher risk of recurrence. 

 Applications of Radiomics 

Radiomics has wide clinical use in cancer diagnostics; the applications can be quantitative to a 

significant extent of improvement of the traditional method of diagnosing and 

histopathological examination of the given cancer. Radiomics provides the ability to provide 

richer insights into tumor biology and make informed clinical decisions based on the 

conversion of imaging data into high-dimensional, mineable information: 

1. Tumor Phenotyping 

Radiomics can be used to accurately define tumor subtypes based on imaging-based 

quantitative characteristics and not necessarily on invasive tissue biopsies or histopathological 

analysis. 

� Complete Analysis: Radiomics unlike single-region biopsies analyses the entire 

volume of the tumor, which is non-spatially heterogeneous, producing subclonal and 

microenvironmental variations and differences within the tumor. 

� Discrimination of Subtle Differences: Differences in texture, intensity and shape of 

the imaging data content can give insights into subtle phenotypic variation between the 

tumor subtypes that would not be apparent by conventional histology. 

� Clinical Relevance: Radiomics-based tumor phenotyping can allow patients to be 

stratified better, aggressive vs. indolent tumors to be identified, and the most 

appropriate therapeutic interventions to be chosen. 

Radiomics offers clinically important heterogeneity in diagnosis by revealing a non-invasive, 

global perspective of tumor biology that could be overlooked by other common biopsy 

techniques and enhances diagnostic accuracy. 
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2. Predicting Clinical Outcomes 

Quantitative features derived by radio metrics such as tumor texture, heterogeneity, and shape 

have been very much linked to patient prognosis, metastasis, and recurrence. 

� Prognostic Modeling: Radiomic signatures are applicable to predictive models to 

forecast such outcomes as overall survival (OS), progression-free survival (PFS), and 

disease-free survival (DFS). 

� Risk Stratification: Radiomics can be used to tailor monitoring procedures to high-

risk patients by detecting them through the use of imaging features, making it possible 

to monitor them more closely and intervene in time. 

� Recurrence Prediction: Although there is no consensus on which features indicate 

intratumoral heterogeneity and irregular morphology, such features are commonly 

associated with aggressive behavior and risk of local or distant recurrence. 

Radiomics offers a powerful, non-invasive, methodology of predicting disease pathway and 

informing clinical decision-making, through quantitative evaluation, to ultimately enhance 

patient management. 

3. Guiding Therapy 

Radiomic features are very important in forecasting response to treatment and tailoring therapy 

choice in oncology patients. 

� Therapy Selection: Radiomics has the potential to select the patients who will likely 

respond to chemotherapy, immunotherapy, targeted therapy, or radiotherapy, based on 

the correlations between imaging characteristics and patient response. 

� Predicting Resistance: Heterogeneity and certain texture patterns in the tumor can be 

used to predict subregions that can be resistant to therapy, enabling clinicians to modify 

treatment plans ahead of time. 

� Connection to the world of AI and Machine Learning: Sophisticated computational 

systems will be able to integrate radiomic data with patient demographics, genomic 

profiles, and clinical parameters to create very accurate prediction algorithms. 

� Adaptive Therapy Planning: Radiomics-informed models allow real time 

modifications to the treatment regimen, experimental therapeutic choices on eligible 

patients, and dose planning in radiation therapy. 
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Radiomics can be used in the context of precision medicine, supplying the quantitative, 

predictive framework and enhancing the effectiveness of treatment and reducing the toxicity 

associated with an unsolicited treatment. 

 Advantages of Radiomics 

Radiomics offers numerous benefits over conventional imaging techniques and invasive 

biopsy-based approaches, providing a more comprehensive, non-invasive, and data-driven 

framework for precision oncology: 

1. Non-Invasive 

Radiomic analysis applies existing medical images, including CT, MRI, or PET scans, in order 

to extract quantitative features without undergoing extra tissue sampling. 

� Patient Comfort and Safety: Radiomics will considerably decrease patient discomfort 

and anxiety by removing invasive procedures, such as biopsies with a needle or surgical 

surgery, which cause side effects and post-procedural complications. This also prevents 

risks of bleeding, infection and post procedure pain. Non-invasive imaging-based 

assessment may be of special benefit to patients with tumors in anatomically challenging 

sites. 

� Ease of access: Due to the fact that radiomic features are obtained out of routinely 

obtained imaging studies, these features can be universally used in patient populations that 

do not need extra procedures. This renders radiomics as viable and scalable in a clinical as 

well as research setup. 

� Rapid Assessment: Radiomics can be used to conduct near-real-time analysis of the 

tumor traits based on images, which are already observed in the course of a regular clinical 

practice. This can speed up the process of diagnosis and enable timely clinical decision-

making and promptly initiate treatment. 

2. Reproducible and Longitudinal 

Radiomic results can be reproducible over time on serial radiograph images of the same scans 

to enable a dynamic analysis of tumor behavior and treatment response. 

 Treatment Monitoring: Dynamic radiomic measurements should be able to measure 

alterations in tumor size, shape, texture, and intensity during therapy, and these 

measurements give objective tumor response measurements. It is especially useful in 
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analyzing reactions to chemotherapy, targeted therapy, or radiotherapy, in which the 

conventional imaging measures might not be sensitive enough. 

 Early Recurrence Detection: Longitudinal radiomic analysis has the capability to 

identify subtler morphological or textural alterations in the tumor tissue that is not 

clinically evident and indicative of recurrence. With this early identification, 

intervention is timely and better management of patients is possible. 

 Consistency and Reproducibility: Standard imaging acquisition procedures and 

quantitative feature extraction make radiomic measurements reproducible across7 time 

points and imaging centers. This reproducibility enables multicentrism studies and 

enables clinicians to reliably trace the progression of the disease over time. 

3. Captures Whole-Tumor Heterogeneity 

Radiomics assesses the whole tumor volume (in contrast to tissue biopsies, which only sample 

a small part of the tumor), and it can detect spatial, phenotypic, and molecular heterogeneity. 

 Whole-Tumor Profiling: Radiomics measures changes in texture, intensity and shape 

across the entire tumor, necrotic, fibrotic, calcified or highly vascularized. This is 

complete profiling that gives a more precise description of tumor biology than focal 

biopsy samples. 

 Subclonal Detection: Radiomic features have the capability to display the spatial 

heterogeneity of the tumor in terms of specific subclonal populations. The identification 

of such heterogeneity is essential in the understanding of tumor aggressiveness, 

metastatic capability and possibilities of treatment resistance. 

 Better Clinical Understanding: Radiomics offers improved clinical insight because 

its method to assess the entire tumor of a patient instead of an individual sampled area 

can minimize the occurrence of sampling bias and offer a comprehensive view of tumor 

biology. This allows the use of more informed clinical decisions about therapy planning, 

prognosis, and risk stratification. 

4. Supports Data-Driven Precision Oncology 

The combination of radiomic features, artificial intelligence (AI), and machine learning 

algorithms can be used to build predictive and prognostic models that are specific to a particular 

patient. 
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 Personalized Diagnostics and Prognostics: Radiomics-based models have the 

potential to categorize tumor subtypes, forecast aggressiveness, and predict patient-

specific outcomes. This individualized method enables clinicians to personalize 

monitoring and therapy to the specifics of tumor. 

 Therapeutic Decision-Making: Radiomic analysis could be used to find the patients 

who are most likely to achieve response to certain treatments, predict the occurrence of 

resistance, and shape adaptive therapy plans. This makes sure that patients are getting 

the best interventions and the toxicity is avoided at unnecessary levels. 

 Clinical Practice Application: Radiomics provides evidence-based precision 

oncology by integrating features based on imaging with clinical, genomic, and 

molecular data. These hybrid models will improve patient outcome, resource 

productivity, and help to implement data-based and personalized treatment in standard 

clinical practice. 

4.3. INTEGRATION OF IMAGING WITH GENOMICS (RADIOGENOMICS) 

Radiogenomics is a novel form of precision oncology that uses integrated molecular profiling 

with state-of-the-art imaging methodologies to learn more about the biology of tumors. 

Radiogenomics can be used to reveal relationships between observable tumor features (shape, 

texture, vascularity, and metabolic activity) and molecular-scale changes by quantitatively 

analyzing imaging features and correlating them with genomic, transcriptomic, and proteomic 

data. This combination will enable clinicians to understand the heterogeneity of tumors, clonal 

evolution, and disease aggressiveness in a deeper way without depending exclusively on 

invasive tissue samples. Radiogenomics therefore provides a whole view of the tumor 

landscape, both spatially and molecularly, at once and in a non-invasive manner. 

Clinical applications of radiogenomics have a tremendous potential, including diagnosis, 

prognosis, and the choice of personal therapy. Biomarkers of imaging that are related to certain 

genetic mutations or profiles of expression can be used to predict the behavior of tumors, 

response to treatment, and recurrence. As an example, some radiomic sequences could be a 

sign of the existence of mutations that provide resistance to targeted therapies, to intervene 

early or change therapy. Also, radiogenomics can aid in patient stratification during clinical 

trials by determining subpopulations that have high likelihood of responding to certain 

treatment. This discipline will improve the accuracy of workflows in oncology, thereby 
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enhancing the ability to monitor tumors dynamically and eventually lead to personalized, 

evidence-based cancer treatment by reducing the gap between the traditional radiology and 

molecular diagnostics. 

 Concept 

The basic principle of radiogenomics is that tumors with particular genetic or molecular 

mutations tend to have characteristic radiographic appearance and could be captured 

quantitatively by state-of-the-art imaging systems. The CT, MRI, and PET are all techniques 

that help attain high-resolution structural, functional, and metabolic data, which is an indicator 

of underlying molecular and genomic characteristics. These imaging phenotypes are non-

invasive surrogates of molecular events and may enable clinicians to forecast behavior, 

treatment response and clinical outcomes of tumors without repeated invasive biopsies. 

 Tumor Heterogeneity: Radiogenomics is especially useful in the capture of tumor 

heterogeneity, such as differences in subclonal mutations and differences in the tumor 

microenvironment. The heterogeneity can frequently be radiomic (such as texture 

(cellular density and organization), shape (growth patterns and invasiveness), intensity 

(activity of metabolism or vasculature), and spatial distribution (gradients of 

heterogeneity across the tumor). 

 Bridge Imaging and Genomics: Radiogenomics finds statistically significant 

associations between quantitative features of imaging and molecular and genomic data. 

These associations are able to reveal patterns like profile of the expression of genes, the 

state of mutation and epigenetic alterations that are reflected in imaging features. Such 

integrative approach allows to gain a deeper insight into tumor biology and informs 

clinical choice-making, such as individual treatment plans. 

 Benefits 

Radiogenomics has a number of major benefits that can be improved to clinical oncology: 

 Non-Invasive Molecular Prediction: Radiogenomics uses high-quality imaging 

methods like MRI, CT, and PET, in combination with complex computational tools, to 

compare imaging phenotypes to underlying genomic changes. Through this, it is able 

to non-invasively forecast important molecular characteristics of tumors such as 

particular somatic mutations, alterations in copy numbers or gene-expression patterns. 

The method minimally necessitates repeated tissue biopsies that are invasive, have 
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procedural risks, and do not necessarily resolve the spatial heterogeneity of tumors. 

Radiogenomics minimizes patient discomfort, reduces the risks of complications, and 

eliminates the biases related to the heterogeneous distribution of tumor cells in various 

areas of a lesion by preventing repeated sampling. 

 Personalized Treatment Selection: Radiogenomics helps clinicians to be more 

specific with individual therapy. Phenotypes obtained by imaging can be correlated 

with molecular changes, thus yielding predictions about how a tumor will respond to 

certain drugs. Indicatively, a tumor with radiomic characteristics that depict the 

presence of mutations in gene receptors such as EGFR or KRAS may be targeted to a 

specific therapy that enables exploitation of such genetic weakness. On the other hand, 

the patients who have tumors that are not likely to respond to particular treatments are 

able to be spared undue exposure to ineffective treatment and the costs of healthcare 

and toxicity are minimized. The combination of imaging and molecular information 

aids clinicians to make more informed decisions to maximize the effectiveness of 

treatment and to minimize adverse effects. 

 Biomarker Discovery: Radiogenomics is a method that enables the discovery of new 

biomarkers by linking quantitative imaging phenotypes to genomic profiles. These 

biomarkers may be very essential in early diagnosis, predicting the patient prognosis or 

even to direct therapeutic interventions. The radio genomic experiments may reveal the 

relationships of the genotype and phenotype not known before, and this will offer a 

better insight into the tumor biology. As an example, the small differences in tumor 

texture or vascularization that have been identified by imaging can present a clue to the 

presence of some mutations or epigenetic alterations can be used as new drug targets or 

diagnostic tests. The potential is an addition to the accuracy oncology map with a 

broader range of measurable and clinically relevant biomarkers. 

 Tumor Evolution: Radiogenomics can be used to longitudinally assess tumor 

progression and respond to treatment. Clinicians can track the dynamics of tumors on-

the-fly by repeated time analyses of imaging data and mapping the changes to genomic 

evolution. The method also makes it possible to identify developing resistance to 

treatment, clonal evolution, or recurrence of the disease itself before it manifests in 

clinical terms. Radiogenomics is therefore in support of adaptive treatment, whereby 

therapeutic approaches are adjusted in advance in response to changing tumor biology. 
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Such constant monitoring offers a potent instrument to learn how tumors behave in time 

and enhance patient outcomes by interfering in a timely manner. 

 Applications 

Radiogenomics has been utilized successfully in various types of cancers, and has proven to 

have robust correlations between radiomic signature and genomic changes: 

� Gliomas: In gliomas, higher-order MRI features can give quantitative imaging 

consequences, including tumor heterogeneity, edema patterns, necrosis, and contrast 

enhancement capabilities. These radiomic signatures have been demonstrated to be 

highly associated with major molecular changes, such as as IDH mutation status, 

1p/19q co-deletion, and MGMT promoter methylation. The clinical importance of such 

correlations is that they inform the prognosis and the treatment plan. As an example, 

patients with IDH-mutant gliomas tend to have a more favorable survival rate and 

potentially react to chemoradiation differently than to IDH-wildtype tumors. Through 

radiogenomic mapping, clinicians are able to make predictions of these molecular 

profiles without the need to use invasive procedures such as recurrent surgical biopsies 

and can plan treatment with greater accuracy and individuality. 

� Lung Cancer: CT-based radiomic features such as the shape, texture, density, and 

vascularity of tumors in lung cancer, especially non-small cell lung cancer (NSCLC), 

has been related to genomic changes such as EGFR mutations, KRAS mutations and 

ALK rearrangements. These associations are capable of providing non-invasive 

molecular stratification that can be used to direct the choice of selected therapies, 

including tyrosine kinase inhibitors against EGFR-mutant tumors or ALK inhibitors 

against ALK-positive tumors. Radiogenomics thereby adds to the potential of 

customizing treatment prior to invasive tissue biopsies, which can be problematic in 

patients with tumors or comorbidities that are difficult to reach. 

� Breast Cancer: Imaging modalities including MRI and PET in breast cancer have 

resulted in radiomic patterns linked to important molecular phenotypes, including 

HER2, hormone receptor (ER/PR), and more comprehensive expression profiles. This 

group of correlations helps in the precision of treatment planning, to determine those 

patients who are likely to respond to specific therapies, hormone-based therapies, or 

chemotherapy programs. Also, longitudinal radio genomic studies are able to track 

therapy response, early signs of resistance or recurrence and thereby make necessary 

changes to treatment plans in time, which results in patient outcome improvement. 

ISBN: 978-81-985724-3-1



PRECISION ONCOLOGY 

 

88 

� Prostate Cancer: mp MRI in prostate cancer involves imaging based on tumor 

cellularity, perfusion and tissue composition. These radiomic profiles have been 

associated with genomic risk scores, changes in androgen receptor signaling pathways 

and aggressive tumor subtypes. Combining imaging and genomic data, clinicians are 

able to enhance risk assessment, differentiate between indolent and aggressive tumors, 

and make a decision on personalized treatment including active surveillance, surgery 

or targeted therapy. Radiogenomics thereby provides greater accuracy to diagnosis and 

stratification of patients according to molecular and phenotypic risk. 

In each of these cases, radiogenomics has shown potential to address the gap between imaging 

and molecular biology to improve the accuracy of non-invasive diagnostics, prognostic 

stratification and therapeutic decisions. Radiogenomics, by offering a complete picture of 

tumor biology without subjecting patients to repeated invasive surgeries, is an important 

advancement in the precision oncology field, making clinicians use data to make data-driven 

and personalized treatment choices that ultimately enhance patient outcomes. 

4.4. REAL-TIME IMAGING FOR MONITORING TREATMENT RESPONSE 

The real-time imaging has become a critical element of the precision oncology as it enables the 

clinician to check tumor response during the therapy process. In contrast to traditional imaging 

methods that are frequently based on delayed evaluation of structural or anatomic changes, 

real-time imaging titles changes in tumor biology, metabolism, and microenvironment in real 

time. Functional MRI, scans with molecular tracers using PET, and optical imaging techniques 

can be used to demonstrate the early effects of treatment, including blood flow changes, cell 

activity, or receptor expression. This real-time feedback gives a better view of the current tumor 

response and proactive decision-making can be taken instead of relying on the traditional 

endpoints such as tumor shrinkage. 

The capacity to receive real time monitoring of treatment response is a significant contribution 

to clinical flexibility and patient outcomes. Clinicians are able to make quick adjustments on 

the form of therapy-escalating, switching, or combining therapies- according to early signs of 

success or resistance. This minimises unwanted exposure to non-relief-giving treatments, 

minimizes the side effects and the overall therapeutic index is enhanced. In addition, real-time 

imaging can be used to inform the assessment of new therapeutics and adaptive trial design, 

with rapid and quantitative data on drug activity. When applied to routine oncology care by 
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incorporating functional and molecular imaging, precision medicine can leave behind the fixed 

evaluation of a patient, allowing the truly personalized and responsive treatment plans. 

 Functional and Molecular Monitoring: Functional imaging method can be used to 

measure cellular and metabolic activity within tumors which may be apparent before 

tumors appear on standard structural imaging. An example is the use of Positron 

Emission Tomography (PET), which is able to measure changes in glucose metabolism 

or other metabolic indicators within days of treatment. Early changes in metabolism 

can act as an indicator of responses when a tumor is responding to treatment and such 

responses are seen long before the actual tumor begins to shrink. Diffusion-Weighted 

Imaging (DWI) and Dynamic Contrast-Enhanced MRI (DCE-MRI) are advanced 

magnetic resonance imaging (MRI) techniques capable of detecting alterations in the 

cellular density, tissue perfusion and microstructural organization. These micro changes 

frequently lead to macroscopic tumor regression and give a sensitive and early 

indication of treatment effect. Clinicians can make informed decisions about whether 

or whether to continue or modify therapy by real-time monitoring of these functional 

and molecular parameters. 

 Liquid monitoring of the response: The real-time imaging combined with the 

circulating biomarkers increases accuracy in monitoring treatment further. Circulating 

tumor DNA (ctDNA), circulating tumor cells (CTCs), and exosomes demonstrate the 

molecular aspects of tumor burden, genetic changes, and dynamics of responses. These 

biomarkers provide a multidimensional view of the tumor behavior when combined 

with imaging data, which enables clinicians to simultaneously measure both structural 

and molecular responses. This combination helps to enhance the detection of residual 

disease with small residual diseases, early recurrence, or developing therapy resistance, 

which would not be evident immediately either by using imaging or biomarkers alone. 

Using these complementary modalities, real time monitoring will be more elaborate 

and resourceful. 

 Adaptive Therapy Planning: Adaptive real-time imaging has one of the most 

important benefits in adaptive treatment strategies. Non-responder or tumor with less 

than optimal therapeutic response can be identified early to enable clinicians to 

promptly change treatment regimens. This may include altering doses of drugs, 

replacement therapy, the use of combination treatment, or new therapeutic agents. 

Continuous monitoring of tumor response allows clinicians to reduce the exposures of 
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patients to ineffective therapy, decrease treatment toxicity and fully benefit of the 

treatment. Real-time imaging-guided adaptive therapy helps to make the interventions 

personalized, targeted, and responsive to the dynamics of tumor biology. 

 Key Takeaway: In sum, real-time imaging is a groundbreaking development in the 

field of oncology and the combination of anatomical, functional and molecular data into 

a dynamic framework. It enables clinicians to track the effectiveness of therapeutic 

interventions as they emerge, to identify signs of resistance early, and provide 

responsive and precision interventions. Through the ability to make personalized 

treatment changes in time, real-time imaging does not only improve clinical outcomes, 

but also improves patient safety, lowers unnecessary toxicity, and truly individualizes 

the approach to cancer management. 
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