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Зам глав врача: искусственный  
интеллект пока приносит лечащему 
врачу больше хлопот чем пользы



Data analysis:

Longitudinal analysis

Network analysis

Deep learning analysis

Proteome

Epigenome

Images

Content and aim: review of possible collaborations



Personalised medicine
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Thanks Harry for picture

Multi-omic data: Genetic, Epigenetic and Proteomic

Search for Network, Longitudinal and Deep Learning 
Biomarkers
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deep learning 

markers

63



• Ovarian cancer remains the leading cause of death from gynecological 
cancer among women and accounts for 5% of all female deaths from cancer, 
corresponding to annual deaths of around 4,100 in the United Kingdom, 
42,700 in Europe, 22,280 in the United States and 152,000 worldwide.

• Most women are diagnosed in advanced stage (Stage III–IV) with reported 
5-year survival rates of 19% (Stage III) and 3% (Stage IV) respectively. The 
higher survival rates of 70%–90% in earlier stage (Stage I–II) disease has 
driven international screening efforts to detect the disease earlier.  

• In the United Kingdom Collaborative Trial of Ovarian Cancer Screening 
(UKCTOCS), women in the multimodal (MMS) arm had a serum CA125 
test (first-line), with those at increased risk, having repeat CA125/ultrasound 
(second-line test). CA125 was interpreted using the "Risk of Ovarian Cancer 
Algorithm" (ROCA). 

• Experimental Design: 50,083 post-menopausal women who attended 
346,806 MMS screens were randomly split into training and validation sets, 
following stratification into cases (ovarian/tubal/peritoneal cancers) and 
controls. 

a First-Line Screen for Ovarian Cancer 



Markov Chain Monte-Carlo 
Approximate Bayesian Computation  
and Bayesian Change Point Models

Longitudinal analysis of biomarkers



Method of  Mean Trends 

Longitudinal analysis of biomarkers



• Key papers:

• finding longitudinal oncomarkers- License obtained!



Deep Learning Neural 
Networks Recurrent Neural 

Networks with GRU

Work in progress! 

V. Cherepanova et al.

Deep oncomarkers
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markers
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Constructing network 
biomarkers 

• Network biomarkers for methylation: using correlations between intra-gene 

profiles

• Parenclitical networks: constructing networks when links are unknown

“One difficulty in interpreting this data for defining clinically useful information is 
that multiple different changes may be responsible for the onset of a disease, as 
exemplified by the efforts of The Cancer Genome Atlas project” 



DNA Methylation Analysis
Misha Ivanchenko, Zaikin



DNA Methylation 





DNA Methylation Analysis

How to build a network if links are unknown?



Network oncomarkers





Network oncomarkers









Dynamic predictive model for baseline early detection and follow- up re-
evaluation of the risk of prostate cancer progression on active surveillance 

(PROGRESS Prostate) 

Prostate cancer (PCa) is the second commonest male cancer worldwide, with 43% of patients being offered active 
surveillance (AS) as an alternative to radical treatment. However, a five-year dropout rate of 44% with pathological upgrading 
of 27% of re-biopsied cases within the first year of AS highlight the lack of robust risk-stratification models enabling both 
early detection and continuous re-evaluation of individualised progressive potential of PCa. With this in mind, here we 
present a CRUK ACED collaboration that seeks to develop a personalised dynamic predictive model able to estimate the risk 
of PCa progression throughout the whole AS continuum starting from the initial appointment. To develop the model, we will 
use a range of novel high-performance modelling methodologies utilising serial biomarker measurements, which we have 
previously developed and trialed as part of UKCTOCS trial. 

Deep Learning with Recurrent Artificial Neural Networks. We have recently shown that one of the most widely 
used deep learning techniques, recurrent neural networks (RNN), is capable of predicting the risk of developing ovarian 
cancer based on measurements of serial CA125. (26) To use RNN as part of this project, we have developed a neural 
network architecture based on state- of-the-art AI findings and using Long Short Term Memory RNNs, especially RNNs 
with Gated Recurrent Unit, and shown further improvement of cancer early detection (unpublished data). In the current 
project, we will further adapt this architecture for a further improvement of a risk- stratification model, potentially 
integrating findings from the MMT and BCP approaches with the RNN. 



Genetic intelligence 
(student project)















Main open question: 
longitudinal data analysis of multiplex 

networks with different space and time scales


