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ABSTRACT 

The NHS will be a world-leading healthcare organization to predict and diagnose inherited and acquired disease, 

and to personalize treatment and intervention. This program was designed to validate and quality manage the 

introduction of Blood Coagulum- OMICS and verify genomic, viscoelastic, and proteomic predictive value for 

hemostasis and thrombosis. Background: In 2014, a Patient Blood Management program was overseen by a national 

governance representative, sponsored by an anesthetic lead and edited by an MHRA inspector who stated “this 

program is suitable for the NHS”. In 2017, that program was posted to the hemostasis and thrombosis, National 

External Quality Assurance Scheme and then to the British Blood Transfusion Society, in the UK. Study: The 

conclusion read as “scientific specialists are now firmly planted in the realms of clinical effectiveness, interfacing 

clinicians on the governance board. We must now accelerate the PBM Quality Assurance network to control risk 

from genomic and proteomic explosions in personalized medicine. Quality assures our technological advances from 

end to end of the surgical examination phase and control our pharmacological breakthroughs in support of 

healthcare clinicians.  
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INTRODUCTION 

  The NHS will be a world-leading healthcare organization to predict and diagnose inherited and acquired disease, 

and to personalize treatment and intervention. This program was designed to validate and quality manage the 

introduction of Blood Coagulum- OMICS and verify genomic, viscoelastic, and proteomic predictive value for 

hemostasis and thrombosis. Background: In 2014, a Patient Blood Management program was overseen by a 

national governance representative, sponsored by an anesthetic lead and edited by an MHRA inspector who stated 

“this program is suitable for the NHS”. In 2017, that program was posted to the hemostasis and thrombosis, 

National External Quality Assurance Scheme and then to the British Blood Transfusion Society, in the UK. 

Study: The conclusion read as “scientific specialists are now firmly planted in the realms of clinical effectiveness, 

interfacing clinicians on the governance board. We must now accelerate the PBM Quality Assurance network to 

control risk from genomic and proteomic explosions in personalized medicine. Quality assures our technological 

advances from end to end of the surgical examination phase and control our pharmacological breakthroughs in 

support of healthcare clinicians. Program Development: On the 4th of July 2017, Professor Dame Sally, the Chief 

Medical Officer of the UK called on the NHS to provide access to genomic sequencing, as standard. This 

followed studies that realised genome models to pre-empt a bleed or thrombotic event.  
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  Meanwhile coagulation and fibrinolysis elasticity reference ranges to monitor a clinical event or target a therapy 

are developing, at a time when coagulation proteomics have passed proof of concept. Conclusion: This second 

program on Blood Coagulum-OMICS was designed to stop the bleed and thrombotic event by improving the 

predictive value in pre-examination and examination phases. A program for Blood Coagulum-OMICS is a 

minimum standard for haemostasis and thrombosis and requires consideration by the International Organisation 

for Standardisation. Multi‐omics studies promise the improved characterization of biological processes across 

molecular layers. However, methods for the unsupervised integration of the resulting heterogeneous data sets are 

lacking. We present Multi‐Omics Factor Analysis (MOFA), a computational method for discovering the principal 

sources of variation in multi‐omics data sets. MOFA infers a set of (hidden) factors that capture biological and 

technical sources of variability. It disentangles axes of heterogeneity that are shared across multiple modalities 

and those specific to individual data modalities.  

  The learnt factors enable a variety of downstream analyses, including identification of sample subgroups, data 

imputation and the detection of outlier samples. We applied MOFA to a cohort of 200 patient samples of chronic 

lymphocytic leukaemia, profiled for somatic mutations, RNA expression, DNA methylation and ex vivo drug 

responses. MOFA identified major dimensions of disease heterogeneity, including immunoglobulin heavy‐chain 

variable region status, trisomy of chromosome 12 and previously underappreciated drivers, such as response to 

oxidative stress. In a second application, we used MOFA to analyse single‐cell multi‐omics data, identifying 

coordinated transcriptional and epigenetic changes along cell differentiation. Technological advances increasingly 

enable multiple biological layers to be probed in parallel, ranging from genome, epigenome, transcriptome, 

proteome and metabolome to phenome profiling. Integrative analyses that use information across these data 

modalities promise to deliver more comprehensive insights into the biological systems under study. Motivated by 

this, multi‐omics profiling is increasingly applied across biological domains, including cancer biology, regulatory 

genomics, and microbiology or host‐pathogen biology.  

  Most recent technological advances have also enabled performing multi‐omics analyses at the single‐cell level. 

A common aim of such applications is to characterize heterogeneity between samples, as manifested in one or 

several of the data modalities. Multi‐omics profiling is particularly appealing if the relevant axes of variation are 

not known a priori, and hence may be missed by studies that consider a single data modality or targeted 

approaches. A basic strategy for the integration of omics data is testing for marginal associations between 

different data modalities. A prominent example is molecular quantitative trait locus mapping, where large 

numbers of association tests are performed between individual genetic variants and gene expression levels or 

epigenetic marks. While em‐inently useful for variant annotation, such association studies are inherently local and 

do not provide a coherent global map of the molecular differences between samples. A second strategy is the use 

of kernel‐ or graph‐based methods to combine different data types into a common similarity network between 

samples; however, it is difficult to pinpoint the molecular determinants of the resulting graph structure. Related to 

this, there exist generalizations of other clustering methods to reconstruct discrete groups of samples based on 

multiple data modalities. 
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