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оn the Dissertation titled  

Artificial Intelligence in Radiogenomics: Innovations for Supporting Diagnosis, 

Treatment Decisions, and Prognostication in Oncology 
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By Order No. RD 38-233/07.05.2025 of the Rector of Sofia University, I was 

appointed as a member of the academic jury for the defense procedure of the doctoral 

dissertation titled „Artificial Intelligence in Radiogenomics: Innovations for Supporting 

Diagnosis, Treatment Decisions, and Prognostication in Oncology” in the professional 

field 4.6. Informatics and Computer Science, doctoral program Computer Science - 

Machine Learning”, authored by Maria Dimitrova Miteva. At the first meeting of the 

academic jury, held on 13.05.2025, I was designated as a reviewer. 

This review has been prepared in accordance with the Law on the Development of the 

Academic Staff in the Republic of Bulgaria, the Regulations for its Implementation, as well 

as the Regulations on the Terms and Conditions for Acquisition of Scientific Degrees and 

Holding of Academic Positions at Sofia University „St. Kliment Ohridski”. 

1. Description of the Submitted Materials 

For participation in the procedure, Maria Dimitrova Miteva has submitted the 

following materials: an application to initiate the internal defense procedure; the 

dissertation in English; the abstract in English; the abstract in Bulgarian; a declaration of 

originality of the dissertation by the doctoral candidate; a similarity report; a protocol and 

opinion from the supervisor regarding the originality of the dissertation; a reference 

confirming fulfillment of the minimum national requirements; a supervisor’s report on the 

readiness for defense; the order for enrollment in the doctoral program; a certificate of 

successfully passed doctoral coursework exams; an order for withdrawal with the right to 

defend; a protocol for opening the public defense procedure; a list of scientific publications 

related to the dissertation; a co-authorship declaration; diplomas for higher education 

(Bachelor’s and Master’s degrees); the doctoral candidate’s CV; and a list of the 

candidate’s scientific contributions. 

The submitted set of materials is in accordance with the Regulations on the Terms and 

Procedure for Acquiring Academic Degrees and Holding Academic Positions at Sofia 

University „St. Kliment Ohridski.” The documents are complete and precisely organized. 
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2. Information about the Candidate: Education, Professional Experience, and 

Qualifications 

According to the submitted documents, Maria Dimitrova Miteva was born on March 

24, 1982, in Surgut, Russia. In 2005, she graduated with a Bachelor's degree in „Physics 

and Mathematics“ and earned the professional qualification of „Teacher of Physics and 

Mathematics“ from the Faculty of Physics at Sofia University „St. Kliment Ohridski“ 

(Diploma Series A-04SU No. B175638). In 2010, she obtained a Master's degree in 

„Applied Mathematics“ with the professional qualification „Mathematician“ from the 

Faculty of Mathematics and Informatics (FMI) at Sofia University (Diploma Series A-

09SU No. M200217). According to her CV, the doctoral candidate also holds a Master's 

degree in Statistics, obtained during 2007-2008 at the Catholic University of Eichstätt-

Ingolstadt, Germany. 

Maria Miteva was enrolled as a full-time doctoral student at the Department of 

Computer Informatics by Order No. RD 20-1258 dated July 1, 2021, in the professional 

field 4.6. Informatics and Computer Science, doctoral program „Computer Science - 

Machine Learning“ by Order No. RD 20-1293 dated July 12, 2024, she was officially 

withdrawn with the right to defend as of July 1, 2024.  

The PhD candidate has over 15 years of professional experience in international 

companies and analytical units, where she has consistently held positions requiring a high 

level of technical expertise, strategic thinking, and leadership skills. She has successively 

occupied both technical and managerial roles, building a profile of a specialist who 

combines scientific competence with applied expertise and managerial experience in the 

field of artificial intelligence. Currently, she holds the position of Data Science Manager 

at the international consulting firm PricewaterhouseCoopers. 

Maria Miteva possesses an impressive array of additional qualifications, certified by 

internationally recognized credentials in artificial intelligence, deep learning, medical 

image processing, and programming with Python and PySpark. Her completed training 

programs through EdX, Coursera, DataCamp, and Udemy, along with certified 

management programs from Allianz Group and Harvard Business Publishing, reflect her 

broad-based preparation, strategic mindset, and practical experience in applying innovative 

AI technologies in both medical and business contexts. 

3. Evaluation of the Dissertation Research 

Relevance of the Topic 

The dissertation is dedicated to an extremely timely and strategically significant topic, 

combining artificial intelligence, medical imaging, and genomics. The research focuses on 

developing machine learning models for predicting the methylation status of the MGMT 

gene promoter, a key biomarker for forecasting therapeutic response in patients with 

glioblastoma. This condition is characterized by extremely low survival rates, and the 

timely and accurate determination of the tumor’s genetic characteristics is of critical 

importance for personalized medicine. The application of deep neural networks, transfer 

learning, and ensemble models for analyzing medical images and genomic data involves a 

number of challenges, such as tumor heterogeneity, limited availability of annotated data, 

difficulties in integrating multimodal sources, and the need for transparent and reliable AI 

systems. 
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The models developed in the framework of this study have the potential to offer a 

faster, safer, and more precise alternative to existing diagnostic methods. I believe this 

further emphasizes both the scientific relevance and the clinical timeliness of the topic. 

Knowledge of the Problem 

The presented dissertation demonstrates a deep understanding of research in the fields 

of radiogenomics, machine learning, and the application of artificial intelligence in medical 

diagnostics. The PhD candidate has conducted an extensive review of the scientific 

literature, including leading publications in areas such as deep learning, transfer learning, 

ensemble models, and radiomic analysis. 

Particular attention is given to the challenges associated with tumor heterogeneity, the 

limited availability of annotated medical data, and the complexity of integrating imaging, 

genomic, and clinical information. The candidate demonstrates the ability to synthesize 

existing approaches and solutions, and to clearly identify the scientific gap that this study 

aims to address-namely, the lack of sufficiently accurate, explainable, and reliable models 

for the non-invasive prediction of MGMT methylation through MRI imaging. 

The critical analysis of existing models and methods is well-structured and supported 

by examples from peer-reviewed sources, which indicates a strong orientation within this 

rapidly evolving scientific field and a developed ability to assess their strengths and 

limitations. 

Research Methodology 

I consider the research methodology to be appropriately selected and well-justified in 

relation to the objectives and tasks of the dissertation. The PhD candidate employs a 

comprehensive approach based on machine learning and deep learning methods, with a 

focus on predicting the methylation status of the MGMT promoter using MRI images and 

additional clinical and genomic data. 

The study adopts a multimodal approach, integrating imaging, clinical, and radiomic 

data. Established techniques for image preprocessing (normalization, segmentation, feature 

extraction) are applied, along with methods for handling high-dimensional and imbalanced 

data. Deep neural networks (including convolutional neural networks, CNNs), ensemble 

methods (stacking, hard voting), transfer learning, and validation techniques such as cross-

validation and bootstrapping are employed. Notably, the model validation approach using 

external and independent test data enhances the applicability and generalizability of the 

results. The different strategies for multimodal data integration are clearly described, and 

their advantages and limitations are compared in the context of the research problem. 

The methodology is presented clearly and systematically, applying best practices from 

biomedical informatics and artificial intelligence. The choice of algorithms, architectures, 

and processes is well-argued, and the implementation demonstrates a high level of 

technical competence and research depth.  

Characteristics and Evaluation of the Dissertation 

The dissertation is structured into 151 pages and includes an abstract, introduction, 

seven chapters, a bibliography of 158 references, a list of figures, a list of tables, a list of 

abbreviations, and a glossary of terms. Chapter 1, Introduction (5 pages), presents the 

research problem, its significance and complexity, as well as its relevance in the context of 
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contemporary medical diagnostics and artificial intelligence. On page 9, the main objective 

of the work is outlined: “to develop advanced machine learning models that integrate 

multiple data sources in order to predict the MGMT methylation status in glioblastoma 

patients using non-invasive methods such as MRI images in combination with genomic 

and clinical data”. To achieve this objective, four research tasks are formulated. Chapter 2, 

Theoretical Foundations and Current State of Research on the Problem (42 pages), 

presents the theoretical framework of artificial intelligence and machine learning, with a 

focus on deep learning in medical imaging diagnostics. The chapter discusses 

convolutional neural networks (CNNs), capsule networks (CapsNets), transfer learning, 

ensemble methods, and support vector machines (SVMs), as well as the challenges 

associated with medical data analysis. Chapter 3, MRI and DICOM in the Context of 

Medical Image Analysis Using Deep Learning (23 pages), presents the physical principles 

of MRI, coordinate systems in medical imaging, and the DICOM standard, with an 

emphasis on their role in image analysis using deep learning methods. Chapter 4, titled 

Ethics in Medical Imaging Diagnostics in the Era of Artificial Intelligence (7 pages), 

analyzes key ethical issues such as personal data protection, algorithmic bias, model 

transparency, and equitable access to technology. Chapter 5, Data Specification and 

Experimental Design (10 pages), describes the datasets used (UPenn-GBM and BraTS), 

the methodology for their preprocessing, as well as the design of the experiments, including 

multimodal data integration and training architectures. Chapter 6, Results and 

Interpretative Analysis (24 pages), presents the analytical results of the conducted 

experiments, a comparison with other approaches, the effect of the applied preprocessing 

methods, and the ensemble techniques used. Chapter 7, Contributions and Perspectives (5 

pages), summarizes the theoretical and experimental contributions of the dissertation, 

outlines possible directions for future research, lists the PhD candidate’s scientific 

publications and conference participations, and includes a declaration of originality of the 

achieved results. 

The work could be further enriched by a more comprehensive discussion of 

methodological assumptions, for example, in the selection and justification of specific 

ensemble models (section 6.1.4), as well as by a more in-depth analysis of the limitations 

related to the integration of multimodal data (section 5.3). This would contribute to a more 

complete delineation of the boundaries of applicability of the proposed approach in real 

clinical settings. 

In summary, the dissertation is clearly structured, demonstrates a high level of 

scientific rigor, and employs an innovative interdisciplinary approach. I consider it to make 

a significant contribution to the contemporary development of radiogenomics and 

personalized medicine.  

4. Validation of the Results 

According to the submitted documents, Maria Dimitrova Miteva has published the 

results of her research in three scientific publications indexed in Scopus, in which she is 

the first author. All three publications are co-authored with her academic advisor, and 

according to the submitted “Co-authors' Declaration”, the PhD candidate played the 

leading role, and her contribution is more substantial than that of the other co-author. 

Publications [1] and [2] from the attached “List of Publications” are included in conference 

proceedings with SJR scores of 0.61 and 0.51, respectively, corresponding to Q2 and Q3 
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quartiles for 2023. This reflects the high quality of the research and its international 

visibility. 

The PhD candidate has participated in three specialized scientific conferences, one of 

which was held abroad, as well as in the Spring Scientific Session of the Faculty of 

Mathematics and Informatics, Sofia University. The presentation of the results at these 

forums confirms the validity and relevance of the developed methods. The validation 

process substantiates the contribution of the dissertation to the field of radiogenomics and 

the application of artificial intelligence in medical diagnostics. 

The minimum national requirements and those of Sofia University „St. Kliment 

Ohridski” for obtaining the educational and scientific degree „Doctor” have been met  with 

a required minimum of 30 points in Indicator Group G, Maria Dimitrova Miteva reports 

78 points. 

The dissertation and the associated scientific works submitted by the PhD candidate 

do not duplicate results from previous academic appointment procedures. There is no 

proven plagiarism, in accordance with the legal regulations, in the submitted dissertation 

or the associated scientific works. 

5. Contributions and Significance of the Work  

I agree with the classification of the contributions proposed in the dissertation (pp. 

118-119), which distinguishes them as theoretical, methodological, and experimental. In a 

more concise form, I present Maria Miteva’s main achievements as follows: 

Theoretical and Methodological Contribution: 

- A multimodal methodological framework has been developed for the integration of 

MRI images, genomic, and clinical data aimed at predicting MGMT methylation, 

reflecting current trends in personalized medicine. 

- A justified selection and ranking of radiomic features has been performed using 

feature importance and selection techniques. The significance of the feature 

FLAIR_NC_Morphologic_Eccentricity is emphasized for detecting tumor 

morphological asymmetry and heterogeneity. 

- An ensemble architecture based on stacking generalization has been implemented, 

combining different modalities and demonstrably improving predictive accuracy 

compared to individual models. 

- The effects of various MRI preprocessing techniques (normalization, bias field 

correction, registration) have been thoroughly investigated, as well as their impact 

on the quality of the extracted radiomic features. 

Experimental Contributions: 

- A qualitative analysis of 67 radiomic files with different configurations has been 

conducted, and through parameter optimization, tumor heterogeneity capture has 

been improved and noise reduced. 

- It has been demonstrated that features extracted from FLAIR images, particularly 

from necrotic regions, significantly contribute to the accuracy of the predictive 

models. 

- A comparison of ensemble methods (including a Hard Voting Classifier with RF, 

XGBoost, and SVM) has been carried out, showing greater robustness and accuracy 

compared to individual classifiers. 
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- High modeling performance has been achieved by combining structured and 

unstructured data, imaging, genomic, and clinical, with the results validated on 

independent datasets. 

- The most suitable preprocessing and modeling strategies for radiogenomic 

classification have been identified, which may serve as a reference approach for 

future research. 

The proposed work has the potential for translation into clinical practice as a tool for 

non-invasive diagnosis and support in therapeutic decision-making. It aligns with current 

demands for the advancement of precision medicine, while also contributing to the 

deepening of knowledge in the fields of radiogenomics and artificial intelligence. 

6. Quality of the Abstract 

The abstract consists of 45 pages and clearly and systematically presents the content 

of the dissertation. It accurately reflects the research objectives, the methods used, the 

results obtained, and the scientific and applied conclusions drawn. The text is well-

structured, logically coherent, and appropriately illustrated. The abstract is formatted in 

accordance with the regulations governing the conditions and procedures for obtaining 

academic degrees and holding academic positions at Sofia University „St. Kliment 

Ohridski“. 

7. Questions 

I have the following questions for the PhD candidate:  

In the dissertation, a multimodal integration of MRI, radiomic, and clinical data was 

implemented using ensemble models.  

1. Could you explain what the main challenges were in synchronizing the different 

modalities, and how you ensured that the integration did not result in „information leakage“ 

or model overfitting? 

2. In multimodal integration, how do the individual data sources contribute to the 

overall performance of the system?  

8. Conclusion 

y assessment of the dissertation, the abstract, the scientific publications, and the 

research results achieved by Maria Dimitrova Miteva is entirely positive. The original 

results obtained fully correspond to the objective set out in the dissertation. I believe that 

the PhD candidate possesses excellent knowledge in the field in which she is working and 

that original scientific and applied contributions have been achieved. I confirm that the 

submitted dissertation and the related scientific publications, as well as the quality and 

originality of the results and achievements presented therein, meet the requirements of the 

Law on the Development of Academic Staff in the Republic of Bulgaria, its implementing 

regulations, and the relevant regulations of Sofia University „St. Kliment Ohridski” for the 

award of the educational and scientific degree „Doctor“ in scientific field 4. Natural 

Sciences, Mathematics and Informatics, professional field 4.6. Informatics and Computer 

Science. No plagiarism has been identified in the scientific works submitted for the 

competition. 
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Based on the above, I recommend that the academic jury award Maria Dimitrova 

Miteva the educational and scientific degree „Doctor“ in scientific field 4. Natural 

Sciences, Mathematics, and Informatics, professional field 4.6. Informatics and Computer 

Science, within the doctoral program „Computer Science - Machine Learning.” 

 

 

 

 

06.06.2025  Review prepared by: ...................................... 

  (Prof. Evdokia Nikolaeva Sotirova, Ph.D.)  


