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1. Introduction 

1.1 Background and Context 

Despite this fact, cancer still accounts for a tremendous proportion of mortality, with approximately 10 million deaths 

estimated in 2020 (Sung et al., 2021). As the best treatment is quick, the earlier the detection and accurate diagnosis 

can give the best patient outcomes. The role of medical imaging (i.e. those that involve CT, MRI and PET, but also 

many others) in cancer diagnosis, staging and treatment planning is indisputable. Nevertheless, conventional imaging 

modalities experience some critical limitations such as variability in interpretation, high proportion of false positives 

and negatives as well as massive imaging data that are out of radiologists' reach (Litjens et al., 2017). 

With the increasing presence of artificial intelligence (AI) in healthcare, there has been an opportunity created for 

tackling these issues. Machine learning (ML) and deep learning (DL) are two branches of basic AI that naturally have 

high potential for analyzing complex medical images of high accuracy and efficiency. For example, using AI 

algorithms allows tumors to be automatically detected, lesions to be segmented and tumors to be classified into their 

subtypes faster, relieving radiologists and increasing the diagnostic confidence (Esteva et al., 2017). In addition, AI-

driven tools can integrate multimodal data from cancer biology to better define the cancer biology and progression 

(Gillies et al., 2016), despite the recent advances, the usage of AI in clinical applications is in the early stages. 

However, the adoption of AI in cancer imaging is hindered by challenges such as data privacy, the issue of algorithmic 

bias and large datasets with annotations (Topol, 2019). Still, AI has enormous potential for improving diagnostic 

accuracy, lowering healthcare costs and improving patient outcomes, which all serve as positive areas of development. 

 

1.2 Motivation for the Study 

Early detection and treatment of cancer by means of improved imaging cannot be over-estimated. It has been observed 

that early diagnosis is linked with better prognosis and survival rates (Smith et al., 2019) as it will allow for timely 

intervention prior to disease advancing to advanced stages. However, human interpretation of traditional imaging 

methods is prone to variations and errors. Studies have shown that radiologists may miss up to 30% of lesions of 
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cancers on screening mammograms (Lehman et al., 2015), and so is it not clear that this is not the true proportion. 

Thus, there is a need for better and more reliable diagnostic tools. 

Currently, limitations of human observers make it difficult to overcome these shortcomings and artificial intelligence 

presents the chance that they can be addressed through the automation and quantification of image analysis. With that 

much data, stratifying imaging elements to allow an analysis by the human eye can be a daunting task. However, AI 

algorithms can process the vast amounts of imaging data in real time, identifying subtle patterns, looking for outliers 

and anomalies that radiologists might be missing (Chartrand et al. 2017) Additionally, the predictive power of imaging 

based on multiplying clinical, genomic and radiomic data with AI can extend to personalize the treatment to specific 

patients (Lambin et al., 2017). 

This study addresses the real necessity of using AI technologies in boosting cancer imaging and, with that, improve 

patients’ outcomes. This paper therefore explores the application of AI in cancer imaging, to contribute to the growing 

body of AI knowledge on its potential to transform oncology and improve the handling of existing traditional areas of 

imaging. 

1.3 Objectives of the Paper 

The primary objectives of this paper are twofold: 

Finally, we go onto detailed exploration of the AI application in cancer imaging: A comprehensive review of the AI 

techniques used for tumor detection, to segmentation of tumors, to classification of tumors into benign and malignant, 

and prognosis predicts. The work will then also investigate the use of AI in multimodal imaging combined with the 

integration into treatment planning and monitoring. 

This aims to evaluate the effect of AI on patients outcomes: the capability of the improvements in cancer imaging in 

terms of diagnostic accuracy, earlier detection and treatment effectiveness achieved by using AI. Additionally, the 

paper will explore the ways in which AI might lessen the cost of healthcare and increase its workflow efficiency. 

This paper then sets out to achieve these objectives to give a complete description of the current status of the 

application of AI in cancer image, the challenges it faces and where it may be heading in the future. The contributions 

of this study will be beneficial for future researchers, clinicians, and policymakers who want to deploy AI prowess for 

cancer care enhancement. 

 

 

2. Overview of Artificial Intelligence in Healthcare 

2.1 Fundamentals of AI and Machine Learning 

Artificial intelligence (AI) is defined as the simulation of human intelligence in computers and their interaction with 

their environment, as well as questions about the nature of this intelligence and a capability to generalize from past 

experience. ML is a subset of AI and deals with the tools for developing the algorithms which allows computers to 

learn from data and make predictions. As more data is used by ML algorithms at each point in time, they will become 

better at solving problems without needing to be explicitly trained for the task. A more specialized subset of ML 

(named DL) is used, specifically artificial neural networks consisting of several layers (hence deep) that try to model 

complex patterns in large datasets. One of the reasons that DL has been particularly transformative in fields such as 

image and speech recognition, is that they automatically extract features from raw data (LeCun, Bengio, & Hinton, 

2015). 

AI and its subsets have been proven to have so much potential to automate work in healthcare and improve treatment 

plans. For instance, huge quantities of patient data can be analysed by ML algorithms to discover patterns which are 

not apparent to human clinicians. DL, on the other hand, has been instrumental in medical imaging, where it can 

process and interpret complex visual data with high precision (Esteva et al., 2017). These technologies are not only 

improving the efficiency of healthcare delivery but also enabling new capabilities that were previously unattainable 

with traditional methods. 

2.2 AI Applications in Medical Imaging 

Application of the AI in medical imaging has revolutionized radiology and oncology with the tools that enhance the 

accuracy of diagnosis, automation of routine clinic works and improve patient outcome. AI algorithms are now being 



Leveraging Artificial Intelligence for Improved 

Cancer Imaging and Patient Outcomes 

Amitava Podder1, Shivnath Ghosh2, Piyal 

Roy3, Saptarshi Kumar Sarkar4, Subrata 

Paul*5 

 

 

 

 
 
 
 

Cuest.fisioter.2025.54(3):2778-2789 2780 

 

used in radiology to automate identification and categorization of abnormalities in X-rays, CT scans and magnetic 

resonance imaging (MRI) scans. To give some examples, AI systems developed by the Human’s hands for instance 

show an incredible accuracy in detecting lung nodules in X-ray of the chest and identifying breast cancer in a 

mammogram, which not only equal human radiologists, but actually surpass them (McKinney et al., 2020). 

AI is playing an important role in oncology in tumor detection, segmentation and characterization. With the 

introduction of imaging data, AI algorithms are able to detect extremely small patterns corresponding to the more 

malignant tumors, earlier and more accurately than what is possible with humans. For example, convolutional neural 

networks (CNNs), a type of DL model have also been used for segmentation of tumour in brain MRI and detection of 

lesions in liver CT images among other applications (Litjens et al., 2017). The applications are prognostic and not 

only reduce radiologists’ workload while minimizing human error for more reliable diagnoses. 

AI is now not just being used for diagnostics, but also for predicting patient outcomes and making decisions about the 

treatment. AI has uncovered new ways for bringing radiomics into the fight for interventions, prognosis, and treatment 

response by automating the extraction of quantitative features from medical images and developing predictive models 

from the features. It is then being used to create AI-driven radiomic models for things like predicting likelihood of 

cancer recurrence and assessing effectiveness of chemotherapy for patients with lung cancer (Aerts et al., 2014). Then 

such applications demonstrate that AI has the potential to revolutionize cancer care in the form of more personalised 

and data driven treatment strategies. 

2.3 Challenges in Implementing AI in Healthcare 

It has the ability to transform healthcare, but its potential for implementation in healthcare is hindered with challenges 

that need to be dealt with to make its safe and effective adoption. Data privacy is one of the most important challenges 

that will need to be addressed currently. Due to the sensitive nature of the patient information present in medical 

imaging datasets, it is often frowned upon to use such datasets for training AI models and this may violate 

confidentiality or regulations like the Health Insurance Portability and Accountability Act (HIPAA) in the case of 

USA and the General Data Protection Regulation (GDPR) in case of the European Union (Price and Cohen (2019)). 

Anonymizing patient data and storing them in a secure place is important to keeping the trust of patients and protecting 

the patient’s privacy. There’s also a major hurdle from an ethical perspective when it comes to adopting AI in the 

healthcare field. A major challenge lies in bias in AI algorithms because if there is an imbalance in the training data 

or is accidentally being used personal biases during model development.  
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Figure 1: Overview of Artificial Intelligence in Healthcare. 

 

3. AI in Cancer Imaging: Techniques and Applications 

3.1 Image Analysis and Interpretation 

AI is becoming a paradigm shift tool not only in tumor detection, segmentation and classification in cancer imaging 

but also in many other aspects like: the detection of infected tissue in breast cancer, the detection of vitamin D 

metabolites, the evaluation of treatment efficacy and prognosis, etc. Accurate diagnosis and planning for treatment 

require adequate automation and enhancement in these tasks and AI based systems have successfully demonstrated 

their capabilities in automating and enhancing these tasks. Medical imaging allows detecting tumor if abnormal tissue 

is present in photos such as X ray, computed tomography (CT) scans or magnetic resonance imaging (MRI). 

Radiologists are highly relied upon in traditional methods that rely on their expertise and that can result in variability 

of image interpretation and diagnostic errors. Recently, there has been a great promise that AI algorithms, especially 

based on the deep learning (DL) algorithms, can augment the accuracy and consistency of tumor detection. For 

example, convolutional neural networks (CNNs) based DL models have began to be widely used for detecting the 

lung nodules on the chest X-rays, or the breast cancer on the mammograms, which can often outperform (or are at the 

same level) of the human interpretations from radiologists (McKinney et al. (2020)). 

Another area where AI has made tremendous contribution is segmentation, which involves delimiting the tumor 

borders in medical images. Premature segmentation is also critical for cancer treatment planning and determining the 

tumor size, shape and location. Applications of AI powered segmentation tools, including U-Net and its variants, to 

different array of cancer such as brain, liver and prostate cancer. Ronneberger, Fischer, and Brox (2015) show that 

these tools can automatically generate precise tumor contours that reduce time and effort of clinicians and intrasurgeon 

variability. The final step of the image analysis is classification which is categorizing tumors according to their 

characteristics, for example malignancy or histological type. Differential diagnosis of cancer can be done with great 
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accuracy using models tuned on large datasets of annotated images. For instance, DL algorithms have been applied to 

distinguish between benign and malignant breast lesions in mammograms to enable fewer, if any, needless biopsies 

(Esteva et al., 2017). 

3.2 Radiomics and Predictive Modeling 

With advancing in robotics, the field of radiomics is taking shape by using quantitative features from medical images 

in predictive modeling by using Artificial Intelligence. The features representing texture, shape, and intensity 

characteristics completely encoding the tumor phenotype and microenvironment are integrated. All this can be able to 

identify clinical, outcomes-based features such as survival rates, treatment response and risk of recurrence, through 

analysis of these features by AI algorithms. In oncology, radiomics has been the most benefitted in a number of ways, 

in which it has been used for different types of cancer such as lung, breast and brain cancer. As a simple example, 

Aerts et al. (2014) have shown that it is possible to predict the overall survival of lung cancer patients using high 

accuracy based on radiomic features extracted from their CT scans. Most interestingly, the study demonstrated the 

radioomics as capable to complement conventional biomarkers and offer further knowledge of tumor biology. 

Radiomics based predictive modeling is a process of training machine learning (ML) based algorithms using large 

imaging and clinical data, for the prediction of patient outcomes. These models can then be used to inform the 

decisions of treating patients, for example as to which is the most likely to respond to a certain patient's treatment or 

which will 'benefit' from being put on an aggressive treatment plan. For example, using radiomic models, neoadjuvant 

chemotherapy response in breast cancer patient is predicted for customized treatment plans (Li et al, 2018). Radiomics 

alone as a predictive factor, integrates with other data types, such as genomic or clinical variables and boosts the 

predictive power of the models for precision medicine in oncology. 

3.3 AI in Multimodal Imaging 

When referring to the combination of data from two or more imaging modalities, such as MRI, CT, and positron 

emission tomography (PET), multimodal imaging is used. Imaging modality-based information about the tumor and 

its mates is different and thereby, combining those data would enhance diagnostic accuracy and treatment planning. 

AI has a key role in multimodal imaging for the fusing of heterogeneous data. For instance, DL algorithms can merge 

MRI structural data with PET functional data to make accurate mapping of the spatio-temporal metric of tumor activity 

and its correlation to a surrounding tissue (Zhou et al., 2019). In particular, this integrated approach is very helpful in 

identifying and treating complex cases like brain tumor which may have the tumour buried very deep, or growing in 

with various patterns of infiltration. 

The ultimate goal of multimodal imaging of tumors is to detect hidden any apoptotic signals that include changes in 

tumor size, metabolism, and blood flow over time. For example, features of MRI combined with PET data can tell 

how well chemotherapy or radiation therapy works, and therefore allow clinicians to change their treatment plan as 

necessary. Moreover, multimodal imaging serves to detect early signs of treatment resistance and thus is useful for 

the early intervention and better patient outcomes. This is particularly true given that AI is capable of processing and 

analysing vast quantities of multimodal data. 

3.4 AI for Treatment Planning and Monitoring 

As a revolution, AI is serving the utility in providing tools for improving precision and efficiency of cancer treatment 

planning and monitoring. One of the most common cancer treatments in radiotherapy is being used now to make sure 

the radiation doses get to the right place and to optimize treatment plans using AI algorithms. For instance, AI based 

systems can automatically trace the target volumes and the at risk organs, thus reducing the time that usually takes for 

manual contouring and minimizing the errors (Cardenas et al., 2020). The other feature of these systems is that they 

can also predict the chances of suffering side effects of treatment, which enables clinicians to adjust radiation doses 

to individual patients for better quality of life. 

AI is having an equally positive impact on treatment monitoring too. Since imaging data acquired pre and post 

treatment can be analyzed by algorithms that take into account these features, response of a tumor can be assessed and 

early signs of recurrence can be detected. For example, DL models are developed for analysing CT scans of lung 

cancer patients undergoing the radiotherapy and eliciting treatment outcomes from the images of the cancer changes 

of the texture and tumor size (Huynh et al., 2016). The predictive models are useful in allowing clinicians to identify 
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patients who are likely to gain from extra treatment or patients who need different treatments. One rapidly developing 

cancer treatment area lying in wait for AI is immunotherapy – the monitoring of which is now being approached by 

AI. Integrating algorithms using AI can analyze changes in the tumor morphology and immune cell infiltration and to 

understand how the therapeutic response occurred as well as how it resisted to help develop new therapeutic strategies 

in the future. 

 

 

4. Impact of AI on Patient Outcomes 

4.1 Improved Diagnostic Accuracy 

Here Artificial intelligence (AI) has significantly improved diagnostic accuracy in cancer imaging which exactly 

reduced errors and improved patient outcome. Typically, traditional diagnostics depend on the subjective view of 

medical images given by radiologists, remaining variable and indicating misdiagnosis. In the past, AI algorithms, 

especially the ones based on deep learning (DL), have proved to be a great help to identify very nonvisible patterns 

and anomalies in medical images that are not perceived by human observers. To name an example, a landmark study 

of McKinney et al. (2020) to test an AI system for breast cancer screening shows that it reduced false positive by 5.7% 

and false negative by 9.4% over the human radiologists. If this is translated to earlier and more reliable detection of 

cancer, then the prognosis of the patient is improved. 

One such example is its use in lung cancer screening. This means that a number of lung nodules, which can be early 

signs of lung cancer, are often hard to detect in chest X-rays and CT scans because the nodules are small and can take 

on different appearances. Lung nodules have been automatically detected and classified using high precision by 

developed AI powered systems. An Ardila et al. (2019). study showed that the DL model accurately outperformed six 

radiologists who established AUC of 94.4% for risk prediction of malignant lung nodules. It is hard to overstate how 

advanced the advances could indicate in terms of the possibility of AI supplanting human insight and diminishing 

diagnostic errors for improved patient results. 

4.2 Early Detection and Screening 

Anticipation of cancer replication and its presence early is critical in improving survival rate and burden of the disease. 

Early cancer detection and screening using AI has become a powerful tool for the identification of malignancies at 

where they can be detected at stages that are most treatable. For example, AI algorithms are well-known in 

mammography for the screening of breast cancer. Rodriguez-Ruiz et al. (2019) compared performance of an AI system 

to 101 radiologists in interpreting Mammograms and found that the AI system had a higher rate of cancer detection at 

lower false positive rate than the radiologists. This shows the usefulness of using AI to increase the efficiency of 

population based screening programmes and to increase detection rates. 

Other types of cancer screening such as colorectal and skin cancer have also been targeted with the application of AI. 

AI systems powered by AI have been developed to analyse colonoscopy images to detect precancerous polyps with a 

high accuracy in colorectal cancer. According to Wang et al. (2020), their AIs increased the rate of adenomas 

(precancerous polyps) detection by 29% above standard colonoscopy. In similar vein, AI algorithms have been used 

to specially analyze dermatoscopic pictures and class the skin lesions as those of benign or malignant type. Esteva et 

al. (2017) confirmed that a DL model could achieve dermatologist level of accuracy in skin cancer classifying and 

therefore may be applied within the primary care settings. AI is helping to improve survival rates and decrease 

morbidity of advanced stage disease by enabling early and accurate cancer detection (earlier-stage disease). 

4.3 Personalized Medicine 

One of the major areas where AI is making a major impact is in personalized medicine, that is the treatment plans are 

designed and made according to the characteristics that are unique to the patients. Clinical data and medical imaging 

as well as genetics drive the use of AI to yield medical imaging specific insights that lead to refinement of treatment 

strategy. Using this example, combinations of radiomics, for example, field that uses artificial intelligence to extract 

quantitative features from medical images, has been used to predict treatment response and direct therapy selection. 

Aerts et al. (2014) showed that radiomic features derived from CT scans in lung cancer patients may predict an overall 

survival and also a response to chemotherapy use, whose treatment is based on personalization. 



Leveraging Artificial Intelligence for Improved 

Cancer Imaging and Patient Outcomes 

Amitava Podder1, Shivnath Ghosh2, Piyal 

Roy3, Saptarshi Kumar Sarkar4, Subrata 

Paul*5 

 

 

 

 
 
 
 

Cuest.fisioter.2025.54(3):2778-2789 2784 

 

In addition to this, AI is also being used to optimize cancer treatment in real time. In radiotherapy, AI can be used by 

algorithms to choose different radiation doses targeted at different volume areas depending on the size and shape of 

the tumor changing throughout treatment. Adaptive radiotherapy has been shown to increase the treatment outcomes 

and decrease side effects. Cardenas et al. (2020) demonstrated the potential of AI to automate and improve the 

adaptivity to improve the precision and decrease the damage to the healthy tissues of the radiation delivery. 

Furthermore, AI is being adopted to forecast the probability of treatment related toxicities that clinicians can 

individualize treatments accordingly and enhance the quality of life. 

Further advancement of personalized medicine is by the integration of AI with other data types such as genomics and 

proteomics. For example, AI models have been created to anticipate how cancer will respond to immunotherapy from 

a patient's tumor’s molecular profile. These models infer a patient's likelihood to benefit from immunotherapy and 

predict those who will need other treatments based on combining genomic profiles with imaging data. However, with 

the help of this approach, more and more effective and targeted therapies are being developed to treat cancer patients 

leading to better results. 

4.4 Reducing Healthcare Costs and Workload 

AI in cancer imaging is not only helping patients, but also decreasing cost of care and reducing workload in the 

healthcare system. Repetitive and time intensive tasks such as image analytics and tumour segmentation can be 

automatically achieved by AI systems thus freeing the clinician for more complicated aspects of patient care. For 

illustration purposes, a study by Litjens et al. (2017) shows that AI algorithms can help reduce the time taken for the 

segmentation of prostate cancer by almost 50% which is significantly beneficial with respect to productivity. AI is 

then automating these tasks to sustain its growing need in medical imaging services and reducing the stress on the 

medic profitability. 

In healthcare, AI is also reducing the costs by increasing the effectiveness in cancer screening and diagnosis. For 

example, in the case of radiology, AI can direct suspicious cases to be reviewed by radiologists rather than follow up 

with unscheduled procedures not required. Rodriquez-Ruiz et al. (2019) demonstrated that significantly reducing the 

recall rate by 5.7% has immediate cost savings with an AI system for mammography. AI is also being used to optimize 

the resource allocation in cancer treatment, by predicting the patients’ outcome and thus identifying which patients 

would benefit more from intensive therapies. This can be an approach to lowering the cost of care with better outcomes 

for patients. 

 

 

5. Challenges & Limitations 

5.1 Data Quality and Availability 

In the healthcare domain, the efficacy of an AI system largely hinges on the quality and the extent to which the data 

on which the system is trained can provide the system with information. This domain challenges involve issues on 

dataset size, diversity and annotation. There is a very serious problem there concerning the lack of large and diverse 

datasets. During their training periods, a lot of AI models are trained on data which may not truly contain the most 

diverse current patient at the disease and clinical case spectrum fed in the real world. And, because of this, models 

that seem to work well in controlled environments are ill suited to accurate predictions in the presence of various 

patient populations. For instance, a study pointed out that training of AI systems mainly on the data from particular 

groups may not generalize to other groups, and this can result to disparities in care (Gianfrancesco et al., 2018). But 

another issue is annotation of medical data. Gathering high quality annotations is costly, difficult and resource 

intensive as it requires expert clinicians to label the data accurately. Inaccurate or inconsistent annotations can 

consequently cause the models to perform poorly, committing to diagnoses and recommendations which may be 

wrong. In addition, due to the dynamism of medical knowledge, we change datasets and annotations continuously in 

order to keep the AI system up to date. These data privacy regulations add on top of the problem, such as the General 

Data Protection Regulation (GDPR) in Europe and the Health Insurance Portability and Accountability Act (HIPAA) 

in the United States. Although these regulations prevent sharing data within and across medical institutions, they can 
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restrict the access to shared data and, thus, impede access to the appropriate datasets needed for training robust AI 

models (Mittelstadt et al., 2016). 

5.2 Interpretability and Trust 

Many AI algorithms have 'black box' or opaque nature that makes it extremely difficult to implement on a routine 

basis in the clinical setting. Because healthcare providers are often hesitant to use systems whose decision making is 

unknown, particularly as those decisions affect patient outcomes, there is often great reluctance to underestimate 

patients’ rights to data and unreasonable expectations for the ability to influence whether services are offered as part 

of their care. Interpretability is the possibility to decipher and to give an explanation on how the specific decision 

comes about as a consequence of an AI model. This is extremely important in healthcare for several reasons. Secondly, 

the AI has to be trusted by clinicians that the recommendations are based on sound medical reasoning. In the absence 

of trust, there is little likelihood that they will incorporate AI insights in their decision making processes. Secondly, 

in cases where AI recommendations diverge from clinical judgment, the rationale behind the AI’s recommendation 

should be understood so as to address conflicting recommendations. Lack of interpretability can cause healthcare 

professionals to doubt and reject it. 

This 'black box' problem is to say the least profound. For instance, an AI system might suggest some treatment plan, 

but clinicians might not believe in acting on that unless they understand the reasoning behind such suggestion. Thus, 

this hesitation can ruin the benefits provided by AI, frustrating the use of valuable tools to help patients. Focusing 

efforts on improving interpretability, explainable AI (XAI) techniques are developed, thus attempting to make the 

decision making process of AI more transparent. Still, there has been no balance reached between model complexity 

and interpretability. More complex, opaque models may, however, be more predictive power, but may be less 

interpretable, simpler models (Doshi-Velez & Kim, 2017). 

5.3 Ethical and Legal Considerations 

Ethical and legal issues on the deployment of AI in healthcare are not unique issues and large amount of limit needs 

to be taken while deploying AI in healthcare to maintain patient’s safety and maintain trust of the public. A key reason 

is that one of those concerns is the potential for bias in AI algorithms. If the data used to train AI systems is not 

reflecting the whole patient population, the models that will be the result may have built in such biases, which end up 

having implications in unequal treatment outcomes. An example is an AI model trained on data from a majority 

population of young individuals that may provide poor care recommendations for elderly patients (Obermeyer et al., 

2019). Also to be considered are patient consent and data security. For their training, there will be need for robustness 

mechanisms to secure informed patient consent and prevent data breaches. With a difference in the way of graphic 

thing. Moreover, healthcare organizations must have measures of stringent security to the sensitive information from 

the unauthorized access (Vayena et al., 2018). Such legal frameworks governing AI in healthcare are still aspectually 

developing. How the liability should look like in the cases where AI systems make medical errors? It’s still not 

resolved. Responsibility and who is to blame for it is difficult to determine (the provider? the institution? the AI 

devopler?) and depends on the jurisdiction. There is need to have clear guidelines to determine who is accountable 

and give patients escape routes should they be harmed (Price et al., 2019). 
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Figure 2: Challenges & Limitations. 

6. Future Directions 

There are tremendous opportunities in the improvements of patient outcomes, diagnostics accuracy and clinical 

efficiency that artificial intelligence (AI) is bringing to healthcare, especially in the field of cancer imaging. But 

implementing full AI potential in this area involves dealing with present issues and finding out upcoming development. 

The major areas in which future AI in cancer imaging is going to be defined include improved AI algorithms, smooth 

integration into clinical workflows, as well as the bridging of the gap in the integration of AI in multidisciplinary 

efforts. 

6.1 Advancements in AI Algorithms 

A lot has happened with AI algorithms, federated learning and explainable AI (XAI) are set to make all the difference 

in cancer imaging innovations. 

Data privacy and security concerns remain one of the biggest barriers to AI adoption in healthcare. According to 

traditional AI models, centralised datasets for training is needed, and this negatively affects the privacy of patients 

and also poses questions regarding the compliance with regulations such as GDPR (General Data Protection 

Regulation) and HIPAA (Health Insurance Portability and Accountability Act). In federated learning (FL), patients’ 

data remain local, yet their models are trained in a decentralized manner by across a number of hospitals or institutions 

without exchanging patients data. This is because FL makes it possible for institutions to share data at the raw data 

level, while maintaining the patient data within its own local environment. This adds diversity to the data, model 

robustness, and also compliance with privacy. 

Explainable AI: Improving Trust and Transparency 

It remains a black box problem to solve for AI to be adopted in clinical settings. But many radiologists’ and 

oncologists’ favourite deep learning models produce highly accurate predictions yet are stubbornly not interpretable, 

which makes it hard for radiologists and oncologists to know how AI arrives at its conclusions. Expose XAI 

techniques, such as visual explanations, feature importance analyses and decision pathways, allowing the clinician to 

interpret and validate. Improving explainability will enhance the clinician trust, regulatory approval and the overall 

adoption of AI in cancer diagnosis and treatment planning. 

Self-Supervised and Semi-Supervised Learning 

However, the models that are current AI are dependent upon large and annotated datasets for training, and getting 

labelled medical images takes time and money. Future research is going towards self supervised and semi supervised 
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learning where this AI models has the chance to learn from unlabeled data, or write only a minimal number of people. 

With this approach, the annotation costs can be drastically reduced, dataset size can be increased and more, leading to 

improved generalizability across many diverse patient populations. 

6.2 Integration with Clinical Workflows 

The key step for AI to become broadly used in cancer imaging is to seamless scale AI into current clinical workflows. 

We need Ai tools that help healthcare professionals to work better, better, and without upsetting the existing 

diagnostics and treatment procedures of a doctor. 

Interoperability with Electronic Health Records (EHRs) 

Interoperability between EHR systems and AI integrations is one of the critical ones. AI tools should be created to 

automagically get and digest patient data from EHRs and reduce, or eliminate, need for manual data entry as well as 

minimize error. The proposed integration can help improve decision support, reduce radiology workflow, as well as 

enable the real time AI assisted radiological diagnosis. 

User-Friendly Interfaces for Clinicians 

USability is required for its use of AI tools. Most of the existing AI powered applications are complex and are 

specialized in their interpretation of results. Intuitive dashboards, interactive representations, and simple, but clear 

mechanisms to guide clinical decisions should be part of the future AI systems to serve radiologists and oncologists 

or pathologists. 

AI-Driven Decision Support Systems 

In regards to cancer diagnoses, and cancer treatment planning, AI powered decision support systems (DSS) will be a 

great help to clinicians. AI based algorithms will be used in these systems to provide real time recommendations, 

highlight anomalies and predict the prognosis of the patients based on past data. 

Automated Image Analysis and Reporting 

Image analysis and report generation work can be automated and workers freed up to concentrate on the critical cases. 

It can also automatically detect tumors, classify the stages of cancer, and produce structured reports that generate 

automatic reports that not only save time, but also increase consistency in the diagnostic accuracy. 

6.3 Collaborative Research and Development 

Healthcare AI is an interdisciplinary field and thus a combination of researchers, clinicians, engineers and 

policymakers. Future progress in cancer imaging AI will require better interactions amongst the stakeholders. 

Multi-Institutional Data Sharing 

A big problem of today’s AI models is that they have limited accessible and diverse datasets. This needs to be solved; 

but in order for that to happen, we require healthcare institutions, research organization, and technology companies to 

start collaborating to create global, multi institution datasets for diverse demographics, cancer subtypes and imaging 

modalities. This can be provided in the form of secure data sharing platforms as well as federated learning approaches 

which allow the institutions to collaborate without compromising privacy of the patients. 

Standardization and Regulatory Compliance 

To unlock wide and near future AI adoption in healthcare, regulators must bridge regulatory uncertainties, and 

standards for the evaluation of AI should be developed. In order to ensure that AI development continues to be useful 

in the future, the models' ability to be validated and standardized in the medical field should be standardized and 

medical regulations complied to which should be backed by clear rules for allowing deployments of AI in clinical 

settings. 

Ethical AI Development and Bias Mitigation 

If these AI models are trained on non representational dataset, biases become a matter of concern and tend to artificially 

amplify them. The future research needs to pay special attention to detect and mitigate the bias in the AI systems and 

provide fair and equitable healthcare solutions for all the prone groups of races, ethnicity, and economics. 

 

7. Conclusion 

Research indicates artificial intelligence (AI) advances show promise for cancer imaging applications that enhance 

medical diagnostic precision and therapeutic strategies and promote improved healthcare results. The management of 
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early-stage cancer medical images with AI involves three key methods: deep learning and federated learning and 

explainable AI. AI presents outstanding opportunities though several obstacles about data privacy combined with 

minimal interpretability and AI-generated assumptions need to be resolved before widespread adoption can succeed. 

The achievement of AI implementation in cancer imaging practices depends on three key factors: enhancements to 

AIs algorithms; streamlining of clinical patient care systems; and continuous cooperation among healthcare 

practitioners. Healthcare professionals along with researchers and policymakers will become safe and effective users 

of AI if they team up with the company to establish regulatory frameworks while maintaining transparent AI decision 

making processes and developing AI tools that extend human expertise instead of replacing it. The goal for this 

presentation is to show Federated Learning and Explainable AI and self supervised learning to physicians and 

academics because this will reduce human dependency while building trustworthy AI practice and advancing research 

around federated learning and explainable AI and self supervised learning to create robust trustworthy AI systems. 

New evaluation parameters for AI models need standardization to make possible multiple clinical scenario testing 

before deployment. The promotion of ethical AI practice requires actions to eliminate biases along with patient-

focused centers and fairness enhancements. Interdisciplinary connections among AI researchers and both clinical 

practitioners and regulatory officials lead to AI system developments which match real patient requirements. 

 

Reference 

[1] Chartrand, G., Cheng, P. M., Vorontsov, E., Drozdzal, M., Turcotte, S., Pal, C. J., ... & Tang, A. (2017). Deep 

learning: A primer for radiologists. Radiographics, 37(7), 2113-2131. https://doi.org/10.1148/rg.2017170077 

[2] Esteva, A., Kuprel, B., Novoa, R. A., Ko, J., Swetter, S. M., Blau, H. M., & Thrun, S. (2017). Dermatologist-

level classification of skin cancer with deep neural networks. Nature, 542(7639), 115-118. 

https://doi.org/10.1038/nature21056 

[3] Gillies, R. J., Kinahan, P. E., & Hricak, H. (2016). Radiomics: Images are more than pictures, they are data. 

Radiology, 278(2), 563-577. https://doi.org/10.1148/radiol.2015151169 

[4] Lambin, P., Leijenaar, R. T. H., Deist, T. M., Peerlings, J., de Jong, E. E. C., van Timmeren, J., ... & Aerts, H. J. 

W. L. (2017). Radiomics: The bridge between medical imaging and personalized medicine. Nature Reviews 

Clinical Oncology, 14(12), 749-762. https://doi.org/10.1038/nrclinonc.2017.141 

[5] Lehman, C. D., Wellman, R. D., Buist, D. S., Kerlikowske, K., Tosteson, A. N., & Miglioretti, D. L. (2015). 

Diagnostic accuracy of digital screening mammography with and without computer-aided detection. JAMA 

Internal Medicine, 175(11), 1828-1837. https://doi.org/10.1001/jamainternmed.2015.5231 

[6] Litjens, G., Kooi, T., Bejnordi, B. E., Setio, A. A. A., Ciompi, F., Ghafoorian, M., ... & van Ginneken, B. 

(2017). A survey on deep learning in medical image analysis. Medical Image Analysis, 42, 60-88. 

https://doi.org/10.1016/j.media.2017.07.005 

[7] Smith, R. A., Andrews, K. S., Brooks, D., Fedewa, S. A., Manassaram-Baptiste, D., Saslow, D., & Wender, R. 

C. (2019). Cancer screening in the United States, 2019: A review of current American Cancer Society 

guidelines and current issues in cancer screening. CA: A Cancer Journal for Clinicians, 69(3), 184-210. 

https://doi.org/10.3322/caac.21557 

[8] Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. (2021). Global 

cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 

countries. CA: A Cancer Journal for Clinicians, 71(3), 209-249. https://doi.org/10.3322/caac.21660 

[9] Topol, E. J. (2019). High-performance medicine: The convergence of human and artificial intelligence. Nature 

Medicine, 25(1), 44-56. https://doi.org/10.1038/s41591-018-0300-7 

[10] Aerts, H. J., Velazquez, E. R., Leijenaar, R. T., Parmar, C., Grossmann, P., Carvalho, S., ... & Lambin, P. 

(2014). Decoding tumour phenotype by noninvasive imaging using a quantitative radiomics approach. Nature 

Communications, 5(1), 1-9. https://doi.org/10.1038/ncomms5006 

[11] LeCun, Y., Bengio, Y., & Hinton, G. (2015). Deep learning. Nature, 521(7553), 436-444. 

https://doi.org/10.1038/nature14539 



Leveraging Artificial Intelligence for Improved 

Cancer Imaging and Patient Outcomes 

Amitava Podder1, Shivnath Ghosh2, Piyal 

Roy3, Saptarshi Kumar Sarkar4, Subrata 

Paul*5 

 

 

 

 
 
 
 

Cuest.fisioter.2025.54(3):2778-2789 2789 

 

[12] McKinney, S. M., Sieniek, M., Godbole, V., Godwin, J., Antropova, N., Ashrafian, H., ... & Shetty, S. (2020). 

International evaluation of an AI system for breast cancer screening. Nature, 577(7788), 89-94. 

https://doi.org/10.1038/s41586-019-1799-6 

[13] Obermeyer, Z., Powers, B., Vogeli, C., & Mullainathan, S. (2019). Dissecting racial bias in an algorithm used to 

manage the health of populations. Science, 366(6464), 447-453. https://doi.org/10.1126/science.aax2342 

[14] Price, W. N., & Cohen, I. G. (2019). Privacy in the age of medical big data. Nature Medicine, 25(1), 37-43. 

https://doi.org/10.1038/s41591-018-0272-7 

[15] Reddy, S., Fox, J., & Purohit, M. P. (2019). Artificial intelligence-enabled healthcare delivery. Journal of the 

Royal Society of Medicine, 112(1), 22-28. https://doi.org/10.1177/0141076818815510 

[16] Ronneberger, O., Fischer, P., & Brox, T. (2015). U-Net: Convolutional networks for biomedical image 

segmentation. Medical Image Computing and Computer-Assisted Intervention (MICCAI), 234-241. 

https://doi.org/10.1007/978-3-319-24574-4_28 

[17] Wang, P., Berzin, T. M., Glissen Brown, J. R., Bharadwaj, S., Becq, A., Xiao, X., ... & Liu, X. (2020). Real-

time automatic detection system increases colonoscopic polyp and adenoma detection rates: A prospective 

randomised controlled study. Gut, 69(7), 1243-1249. https://doi.org/10.1136/gutjnl-2019-319714 

[18] Doshi-Velez, F., & Kim, B. (2017). Towards a rigorous science of interpretable machine learning. arXiv 

preprint arXiv:1702.08608. 

[19] Gianfrancesco, M. A., Tamang, S., Yazdany, J., & Schmajuk, G. (2018). Potential biases in machine learning 

algorithms using electronic health record data. JAMA Internal Medicine, 178(11), 1544-1547. 

https://doi.org/10.1001/jamainternmed.2018.3763 

[20] Mittelstadt, B. D., Allo, P., Taddeo, M., Wachter, S., & Floridi, L. (2016). The ethics of algorithms: Mapping 

the debate. Big Data & Society, 3(2), 2053951716679679. https://doi.org/10.1177/2053951716679679 

[21] Price, W. N., Gerke, S., & Cohen, I. G. (2019). Potential liability for physicians using artificial intelligence. 

JAMA, 322(18), 1765-1766. https://doi.org/10.1001/jama.2019.15064 

[22] Vayena, E., Blasimme, A., & Cohen, I. G. (2018). Machine learning in medicine: Addressing ethical challenges. 

PLOS Medicine, 15(11), e1002689. https://doi.org/10.1371/journal.pmed.1002689 


