
 Global Journal of Machine Learning 

and Computing 
ISSN : XXXX-XXXX 

Volume 1, Number 1, January, 2025  
 

 

66 
  

Development of Hybrid AI Models for Real-Time Cancer Diagnostics 

Using Multi-Modality Imaging (CT, MRI, PET) 

 Hira Zainab1, Muhammad Ismaeel Khan2, Aftab Arif3, Ali Raza A Khan4* 

1American National University 

2,3Washington University of science and technology 

4Virginia University of Science & Technology 

1hira.zainab72@gmail.com, 2Iskhan.student@wust.edu, 3Aftaba.student@wust.edu, 

4hunjra512@gmail.com 

 

 

 

Corresponding Author 

 

Ali Raza A Khan 

hunjra512@gmail.com 

   

 

ABSTRACT 

Cancer detection and diagnosis remain some of the most critical 

challenges in healthcare. Advances in medical imaging, particularly 

multi-modality imaging technologies like CT, MRI, and PET scans, 

have revolutionized the ability to detect and monitor cancer. Finding 

and identifying cancer remains among the biggest medical issues 

right now. Technology that combines CT, MRI, and PET scans now 

makes it easier for doctors to spot and keep track of cancer. Right 

now, doctors struggle to make sense of intricate imaging results. 

This research creates combined artificial intelligence models that 

use various imaging results to promptly learn more about cancer. 

These AI models work better by combining deep learning, image 

segmentation, and image fusion methods to increase cancer 

diagnosis accuracy, find diseases early, and predict how cancer 

grows. The paper talks about the challenges, looks at ethical issues, 

and points out what might happen next when we use AI to look at 

cancer images. 
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INTRODUCTION 

Our current medicine depends heavily on being able to accurately identify cancer in patients. Doctors 

need to diagnose patients exactly and quickly so they can give the best treatment for the best 

outcomes. Cancer finding has improved greatly because of new medical imaging tools - CT, MRI, 

and PET - that doctors now use [1]. These tools show doctors different things about tumors, like their 

shape, where in the body they are located, and how they use energy. CT scans show exact cutout 
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images that help doctors see how tumors look, while MRIs show soft tissue well and let doctors take 

detailed organ pictures, and PET scans use metabolism information to find where cancer grows. These 

imaging methods give us great results, but they also have some problems that limit their use. Since 

tumor imaging tools measure different properties of tumors, their results often disagree and slow 

down medical diagnosis [2]. CT scans don't work as well to spot tumors in soft body tissue, but MRI 

sees them better. At the same time, PET scans may have trouble finding exact tumor locations. Each 

imaging type sees the tumor from its own angle, making it hard to both learn from the data and decide 

how to help patients. As the limitations of individual imaging modalities became apparent, a more 

advanced approach began to take shape: AI helps connect and put together data from many different 

imaging sources [3].  

These new AI models merge two or more imaging methods, showing great potential for solving 

medical imaging problems. AI uses many sources of imaging data at once to create a complete picture 

of the cancer. Combining data from multiple scans - CT, MRI, and PET - into one system lets doctors 

see both the tumor structure and how it works at the same time. Combining multiple imaging 

techniques helps AI models fix their own weaknesses to make better tumor diagnosis. New advances 

in Artificial Intelligence show great progress in looking at medical images. Over the last few years, 

medical imaging analysis has taken a major step forward thanks to deep learning technology within 

AI systems. Computer systems that learn like CNNs can spot unusual patterns in medical image data 

to tell when and what kind of cancer is present. AI algorithms work by finding useful information 

from different imaging types - CT, MRI, and PET - at the same time [4]. The way AI deals with 

similarities from different data types forms the basis of building AI cancer diagnosis systems.  

The combined use of different imaging tools produces a diagnosis tool that exploits each method's 

best features to improve how accurately we find and track cancer, allowing us to identify tumors at 

early stages and monitor their growth more effectively. Including AI in cancer diagnosis systems 

gives us the chance to make treatment decisions right away, which can speed up medical work 

processes [5]. AI analysis of imaging data is so fast that it lets doctors find out results right when they 

get the data from patients. We need AI to make quick medical choices in places where care patients 

get urgent treatments like emergency rooms and surgeries, because every second makes huge impacts 

on patient recovery. Artificial intelligence allows doctors to use their models to predict how tumors 

will grow and spread, helping them decide which treatment plans to follow [6]. AI's prediction tools 

can help tell us how active the cancer cells are, and what treatment works best for that activity pattern, 

which helps create individualized care plans that get better results. Using hybrid AI models today to 
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help diagnose cancer right away helps both patients and their doctors give better care and results. 

Clinicians can make better decisions about cancer treatment by using AI to analyse images taken from 

multiple body areas, letting them find and understand tumors more accurately. On top of that, these 

models make medical services run better by cutting down the time medical staff spends reading 

images and letting them focus on actual patient care. Including hybrid AI systems into daily medical 

work isn't easy, though [7]. We have many problems to solve before we can use these AI models right 

- technical ones, policies, and how they match with health standards.  

One big problem is that AI programs need many good-quality datasets to learn from. AI works better 

when it gets to see and learn from lots of different cancer information from various patients, all taken 

at different stages of the disease. Correctly labelling and processing all data is a must for helping AI 

learn properly. One key problem right now is that AI systems don't show their inner working clearly 

and people can't easily understand how they make decisions. The problem is that when AI systems 

make right answers, no one knows exactly how they decide, creating safety worries in medical use. 

AI must show its calculations clearly, while doctors need to understand how these predictions work, 

to build trust and motivate their use in medical areas. Two essential things shape how healthcare 

accepts AI technology: moral values and principles [8]. Before accepting AI tools, healthcare experts 

need to solve problems about keeping patient info safe, defending data from threats, and making sure 

AI's programming doesn't show unfair treatment. Since AI needs medical data and especially medical 

images, privacy protection for patients is key before we can use AI properly in healthcare.  

The AI models can repeat any errors or biases found in the training data, which could make wrong 

diagnoses and create unfair results for some patient groups. We must make sure that AI systems are 

built and checked to remove bias and deal with unfairness to use them fairly in healthcare [9]. Our 

results show that combining AI with medical imaging will fast-track personalized cancer treatments 

for patients. Using AI models that mix CT, MRI, and PET scan results offers medical experts a full 

view of tumors, making it easier to diagnose and treat cancers more accurately. Only when we fix 

technical problems, handle ethical issues, and make people feel trusted in AI, will these models 

actually work well. Studies keep telling us that as AI tools grow, they show more chances for better 

cancer diagnosis techniques and better care for patients. 
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RESEARCH FINDINGS 

The Importance of Early Cancer Detection: Finding cancer early makes patients more likely to 

recover and survive. Finding cancer right away lets medical teams start treatment early, which helps 

stop the disease from spreading and makes patients have better results. These 3 medical imaging tools 

(CT, MRI, and PET) help doctors detect cancer without needing surgery by showing body images 

and body function patterns. These different imaging methods work together to give doctors a fuller 

understanding of cancer by showing them different types of information they need for a clear 

diagnosis [10]. 

CT (Computed Tomography): CT scans are the imaging method used most often in cancer 

treatment. These exams show clear, flat pictures of the body, helping doctors find and pinpoint tumors. 

CT shows us well when there are abnormal growths like lumps, pockets of fluids, or damaged tissue. 

Pictures clearly show where tumors are and how big they are, so surgeons use it every day to work 

out treatment plans. Nevertheless, CT cannot tell doctors detailed information about what cancer cells 

look like inside the body, making it less useful in some cancer diagnoses [11]. 

MRI (Magnetic Resonance Imaging): Computerized interior scans (MRI) create sharp pictures by 

combining radio waves with strong magnetic forces, which works best on studying soft body tissues. 

Using MRI is the ideal way to check for brain, spinal cord, and soft organ tumors, from the liver to 

breast to prostate. Its unique ability to tell normal and unhealthy tissues apart produces clear, reliable 

results. The problem is that MRI doesn't do as good a job at finding small changes in some organs 

compared to CT or PET, and its pictures aren't as sharp as CTs. 

PET (Positron Emission Tomography): PET scans spot active cells in the body by tagging them 

with radioactive markers. PET is a great tool for checking how certain tissues work by detecting 

places where the body takes up more glucose, which often shows up as cancer. Our doctors can track 

tumor growth and response to treatment, and look for new cancer spread during scans. PET isn't as 

clear as CT and MRI, making it harder to access accurate tumor locations [12]. 

THE LIMITATIONS OF INDIVIDUAL IMAGING MODALITIES 

Despite being useful tools, CT, MRI, and PET imaging used for cancer diagnosis has problems that 

can make it harder to get exact results. CT scans are good at showing cancer's structure, but they 

cannot show how well the organs work or how cells produce energy - two parts of cancer we need to 

understand. MRI works well for showing detailed soft tissue structures, but cannot tell us about 

changes in how cells work. Because PET does the best work examining how cells use energy, it 

struggles to show where cancer grows in small places. Using just one imaging device can create 

differences in reading results and finding small cancer areas or early tumors may be harder [13]. 
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Hybrid AI Models in Cancer Diagnostics: Hybrid AI models join several AI tools together to study 

diagnostic information from various types of images and create a single testing system. Deep learning 

programs called Convolutional Neural Networks break down big picture imaging data and learn from 

it to make predictions that regular doctors could miss and take a long time to analyses. When AI 

models work with several medical image types, they give better and fuller information about diseases 

than normal single-image methods can [14]. 

Development of Hybrid AI Models: In the initial phase, CNNs learn from medical images and 

collect essential information about the patient's condition. For size and boundary measurements, 

CNNs find and pull-out important details from CT and MRI scans [15]. As PET scans measure how 

well cells work, they give us biological information about the tumor. Brain mapping attempts to create 

unique pictures of tumors from each viewing angle: one with structural information from MRI and 

CT, the other with functional information from PET scans. 

Feature Fusion: During the second stage, we merge the specific attributes of CT, MRI, and PET 

scans by using various blending techniques, including multi-image teaching and multiple trainers. 

Our intention is to bring together what each kind of scan does well while tackling the challenges that 

come with separate images. Doctors can take CT and MRI structural information, add it to PET tumor 

function information, and create a more complete tumor picture with their hybrid model. The fusion 

method helps the model work better by drawing together different information about the tumor into 

a single representation [16]. 

ADVANCES IN ARTIFICIAL INTELLIGENCE FOR MEDICAL IMAGING 

Current medical imaging technology uses deep learning to look at images and find clues that people 

viewing them alone might miss. Convolutional neural networks (CNNs) are common deep learning 

models doctors often use to study medical images. Using AI models, large datasets of image 

information help doctors find patterns that match disease symptoms. AI quickly and efficiently 

handling big image data means it's a powerful resource in hospitals, where speed is essential when 

making medical diagnosis [17]. 

Combining CT, MRI, and PET Data: AI algorithms that use a mix of medical images try to get 

better medical results by combining what each image can show. These models work better when they 

mix CT, MRI, and PET scan results into one accurate image. The model sees the tumor on its own 

terms by blending results from CT and MRI scans with PET scan outputs. Combining different 

imaging methods improves tumor findings because every-system's strengths help solve the other's 

weaknesses [18].  
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Feature Extraction and Fusion Techniques: Hybrid AI models typically involve two main stages: 

The model combines two processes to refine images: feature digging and merging. Deep learning 

models use medical scan images to isolate and analyses important patterns, such as cancer tissue 

appearance, surface structure, and metabolic behavior. Modelling tools combine features from 

different views by connecting separate pieces of information into one single model through methods 

that merge multiple perspectives. The fusion stage brings together feature results to help our model 

diagnose tumors better by seeing the whole picture. Having these methods combine their results 

makes the model better at reading scans correctly [19]. 

APPLICATIONS OF HYBRID AI MODELS IN CANCER DIAGNOSIS 

The main use of these AI hybrids is to precisely find and group cancer growths. AI models that process 

combined medical images can find more tumors than usual scanning methods do. When a cancerous 

area shows activity in both CT and PET scans, AI models that combine the results can spot it better 

than either method alone. 

Tumour Staging and Metastasis Prediction: Medical teams use hybrid AI models to both tell where 

cancer development is at and say whether it will spread. When looking at how tumors grow and 

respond to their environment, AI models can show how quickly and dangerously they may grow, and 

what likelihood they have to spread to other parts of the body. The system helps doctors make 

treatment plans by showing what each tumor type tends to do [20]. 

Real-Time Diagnostic Assistance: AI-powered hybrid models quickly give doctors reliable test 

outcomes while they look at images. These AI systems look at medical images fast and help 

radiologists take immediate decisions. AI helps hospitals save time for vital decision-making 

moments during emergency and surgery preparation. AI models can check tumor growth using new 

datasets right away and keep doing so when more information comes in. 

Model Transparency and Explain ability: The biggest problem with AI in healthcare right now is 

that deep learning models are only good at giving results - they don't tell us how they made those 

results [21]. Deep learning models give precise results, but they cannot show why they make each 

choice, which limits their clinical usefulness. In important clinical situations when doctors must make 

choices carefully, they need to understand why the tool suggests something so they can decide wisely. 

Creating XAI technology is very important because it helps make AI systems easier for medical 

professionals to understand so they can trust the results they get. 

ETHICAL IMPLICATIONS OF AI IN HEALTHCARE 

Using AI to detect cancer causes multiple ethical questions to arise. The way researchers obtain and 

use patient data, keep their information secure, and fight discrimination in their programs must be 



 Global Journal of Machine Learning 

and Computing 
ISSN : XXXX-XXXX 

Volume 1, Number 1, January, 2025  
 

 

72 
  

discussed and improved. Medical AI programs must be built so they won't treat different sets of 

patients unfairly. AI systems that are easy to explain, free from unfairness, and backed by safe data 

management systems are necessary to keep healthcare AI ethical [22]. 

Regulatory Approval and Clinical Integration: Before doctors can use AI models to help with 

patient care, researchers must test them well and meet all government health rules. We test models 

twice to make sure they work safely and meet medical requirements. Getting approval for medical AI 

tools combining various imaging types takes a lot of effort and time to complete. To work well inside 

medical practices, doctors must learn how to use the new technologies while adjusting their daily 

routines to match these changes [21]. 

FUTURE DIRECTIONS 

AI and Personalized Medicine: AI that helps detect cancer has the best chance to succeed when 

doctors add its results into their planning for each patient's unique medicine. Using AI models that 

combine three types of data (genes, genes' activities, and image results), doctors can customize 

treatment plans for each patient based on the precise nature of their cancer. This plan would help 

patients achieve better results and reduce treatment harm by delivering treatments that match their 

exact tumor type [23]. 

Advances in Explainable AI (XAI): To address the transparency challenges in AI, future research 

will focus on improving model interpretability. XAI techniques will help create AI models that not 

only provide accurate results but also offer understandable explanations for their decisions. This 

development will be crucial for the adoption of AI models in clinical practice, where clinicians need 

to explain diagnostic results to patients and other medical professionals. 

Data Sharing and Collaborations: For AI models to reach their full potential, global collaboration 

and data sharing across institutions are essential. Initiatives that facilitate the sharing of anonymized 

medical data could help overcome data limitations and improve the robustness of AI models. 

Collaboration across international research institutions will also accelerate the development of more 

accurate and generalized AI systems that can be used worldwide [16]. 

Future Trends in Hybrid AI for Oncology: cAs artificial intelligence (AI) continues to evolve, its 

role in oncology is becoming increasingly significant. Hybrid AI models that combine multi-modality 

imaging with deep learning techniques are poised to reshape the landscape of cancer diagnosis and 

treatment. The future of AI in oncology holds tremendous promise in improving personalized care, 

optimizing algorithms, and fostering global collaboration for better outcomes. The following trends 

are expected to play a crucial role in the next phase of AI integration into cancer care [13]. 
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Personalizing Cancer Treatment with AI: One of the most promising applications of hybrid AI in 

oncology is in the realm of personalized medicine. Personalized treatment aims to tailor medical care 

to the individual characteristics of each patient, including their genetic profile, tumor type, and other 

relevant factors. Hybrid AI models can significantly enhance this process by integrating a broad range 

of patient-specific data, including multi-modality imaging, genomics, clinical records, and treatment 

responses.AI algorithms can analyze vast amounts of data to identify specific genetic mutations, 

tumor biomarkers, and environmental factors that influence cancer behavior [5]. 

 By combining this information with imaging data, hybrid AI models can predict how a patient's 

tumor will respond to different therapies, thereby guiding clinicians in selecting the most effective 

treatment options. This could lead to more precise and effective treatments, minimizing unnecessary 

side effects and improving patient outcomes. Moreover, hybrid AI models could also help identify 

early signs of treatment resistance, allowing for adjustments to the treatment plan before the cancer 

progresses. For example, if a patient’s tumor shows signs of resistance to chemotherapy based on 

changes in its metabolic activity (identified through PET scans) or alterations in its structural features 

(seen in MRI scans), AI can help clinicians modify the treatment approach in real time. Personalized 

AI-driven treatment plans could therefore improve survival rates and quality of life for cancer 

patients. 

CONCLUSION 

Hybrid AI models that leverage multi-modality imaging have the potential to transform cancer 

diagnostics. By combining the strengths of CT, MRI, and PET scans, these models provide more 

accurate, real-time assessments of tumors, which can lead to better patient outcomes and optimized 

treatment decisions. Despite the challenges related to data quality, ethics, transparency, and regulatory 

approval, the integration of AI into clinical practice is poised to enhance cancer care significantly. As 

AI technology continues to evolve, the future of hybrid AI models in oncology is promising, offering 

new opportunities to improve diagnostic accuracy, personalize treatment, and ultimately, save lives. 
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