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Study method Lectures Seminars Consultations | Self-study
Number of ECTS 0.5 0.5 1 4

credits
Method of the Presentation and evaluation of oral presentation of a written
assessment report: the report is presented on a topic, which is assigned

(in 10 point system) | by the coordinating lecturers (the doctoral student must
analyze, review and present the latest scientific publications
related to the respective topic). The topic is assigned by the
consulting lecturers 2 months before the delivery date.
Duration of the presentation - up to 30 minutes. Criteria for
evaluating the report (minimum acceptable score - 5): 1)
novelty and relevance of the reviewed material to the
chosen topic (2.5 points); 2) general structure and scope of
the report, clarity, argumentation, conciseness and
specificity (2 points); 3) summary, presentation and
justification of conclusions (1 point); 4) raising problematic
questions, presenting the application of the reviewed
knowledge in the dissertation (3 points); 5) presentation of
visual aids reflecting the essence of the topic (0.5 points);
6) ability to discuss topics related to the report (0.5 points)
7) answers to additional questions (0.5 points).

PURPOSE OF THE COURSE UNIT

To get acquainted with the methods and applications of computational pathology
and artificial intelligence based on digital image data of biological tissues. The
subject is intended for doctoral students who seek to delve into biological tissue
research based on image analysis, computational, and AI methods. The subject
deals with the methods used in the field of tissue pathology.

THE MAIN TOPICS OF COURSE UNIT

Significance, advantages and problems of tissue-based biomarkers and pathology
features of diseases for research and clinical applications in personalized therapy.
General pathology processes (injury, inflammation, immunopathology, neoplasia)
as basis of disease development. Prognostic and predictive markers of disease.
Spatial heterogeneity in the expression of biological tissue and markers, the
concept of tissue microenvironment.




Principles of tissue pathology research, bioethical aspects and technologies. Use of
residual tissue for research. Research biobanks, principles of their organization.
Preparation of biological tissues for examination, importance of preanalytical test
phase, in particular, for digital image analyses. Histochemical,
immunofluorescence, immunohistochemical, and molecular methods. Sources of
variance, tissue artefacts, and quality assurance.

Virtual (digital) microscopy technologies. Imaging modes used in tissue pathology
and research. Digital microscopy image formats, compression and information
storage features. Impact of microscopic scanning equipment and settings on image
analysis. Image processing before analysis. Fundamentals, advantages and
limitations of digital image analysis. Color spectrum scales. Light intensity. The
main algorithms of digital image analysis, their applications. Detection,
segmentation, feature extraction, measurements. Principles of algorithm
validation. The concept of ground truth (standard criterion) for analytical and
clinical validation. Intra- and inter observer variation in the context of
computational pathology. Principles of stereology, their application to generate
ground truth and ensure the quality of microscopic image analysis. Principles of
machine learning and deep learning. Supervised and unsupervised learning in
pathology. Integration of various types of image analysis and other data.

Processing and use of digital microscopy data to develop predictive models of a
disease. Explicit and implicit models. Use of image analysis outputs for
multidimensional and spatial statistical methods. Use of data dimensionality
reduction and clustering to process image-generated data. Deep learning methods
for developing predictive models of a disease. The problem of interpretability
artificial intelligence-based models in clinical medicine and potential solutions.
Artificial intelligence systems in pathology validated for clinical use.
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