
The study of multi-omics – that is, the integration and analysis of datasets containing
several different “omics” data types (eg transcriptomics, genomics, and proteomics) to
ensure a holistic, all encompassing approach to better understand the patient and
individual disease biology – has recently become one of the major buzzwords not just in
data but in almost every area of  life sciences.
 

HOW TO INTEGRATE MULTI-OMIC DATA

Beyond early-stage research, samples can be
collected from patients during clinical trials,
including DNA, RNA, and any other necessary
biomarkers which could help determine the
clinical pathway. Should something unexpected
be encountered, the data can be reviewed to
determine if this is limited to a particular subset
of patients.
 
Penny suggested that many companies appear
to be taking similar approaches to integrate the
use of these multi-omic data sets, though some
may be investing more in ML approaches to
using this data than others. 
 
In addition to its internal work, Biogen has also
set up collaborations with academic groups to
explore multi-omic, clinical, phenotypic and
wearable data, for example currently working
alongside academics in Tel Aviv on a
comprehensive approach to study the
epigenome of monocytes in persons with
Parkinson Disease (PD) and matched healthy
controls to increase understanding of disease
pathophysiology and progression and identify
highly predictive biomarkers which will be crucial
for developing the next generation of effective
treatments in PD.
 
While research has shown that the probability of
phase 2 trials succeeding is around 20%, use of 

In early stage research phase alone, multi-omic
data us useful for target discovery, target
validation and aiding development of the
therapeutic rationale for a particular compound. 

Integration of these datasets however, can pose
real problems. Combining the various assays
and creating an interaction between differing
layers of information can help predict
phenotypic outcomes, but it comes at a
significant cost and a great deal of work to
complete. Thus it can be difficult to determine
whether the benefits outweigh the cons, and just
exactly where to begin.

SCOPE OF APPLICATION

INTRODUCTION

The collation of these data sets into “Disease
Atlases” is beneficial to companies across
healthcare, and pharma is no exception. Multi-
omics data lets researchers better understand the
biology of individual diseases and the phenotypic
traits that stem from them. Uncovering these facts
means that companies can better prioritise targets
and determine how drugs will affect  the patient.

Michelle Penny, Head 
of the Translational
Genome Sciences Group  
at Biogen, noted that in
addition to traditional
DNA and RNA analyses,
Biogen also looks at DNA
methylation and

open chromatin patterns using NGS technology
like ATAC-seq, with other biomarkers, clinical and
phenotype data to help them understand what’s
happening genome-wide in patients with certain
genetic variants, and to understand what’s being
perturbed in disease to get a greater
understanding of disease biology and patient
heterogeneity. Through this they hope to identify
novel targets, build the therapeutic rationale,
define if a particular subpopulation of patients
should be selected for treatment and also identify
genomic biomarkers which can then be tested in
the clinic to ensure they are engaging the target
and the drug is modulating the pathway in the
way it's expected to.



For smaller companies, the situation depends on
their focus and central programs. Those
companies (particularly smaller biotechs) who
start with the desire to understand the totality of
human biology in one focus area and develop
drugs around that information should definitely
be integrating multi-omics into their system, for
example the Kidney Genome Atlas built by
Goldfinch Bio. For other companies who may have
set themselves around a particular modality, for
example RNA modulation, novel antibodies or
small molecules,  that may be disease agnostic
and are looking for targets that lend themselves to
a specific propriety modality, it may not be so
important to invest in the biology of a disease, and
so have less need to start integrating multi-omics,
they may be better positioned to partner with
others as required. 

THE NEED FOR MULTI-OMIC INTEGRATION

multi-omics data to stratify such trials and
determine what bonds high responders
have could increase this percentage vastly.  

WHERE TO BEGIN

Companies who already have a large amount of
data siloed across the organisation or on
numerous different platforms must integrate their
data as a matter of importance: pulling all their
information into a central repository so they can
search across data, ensuring terminology is
standardised, and ensuring experiments or RNA
and NGS datasets can be linked to one another. 
 
New and recently created companies have an
easier task integrating the data: they have to work
out a dictionary at the outset and from there link
to each item as it comes in, without discussion or
argument over terminology, data software, or
creating new processes from scratch. This is
where ensuring data complies with FAIR standards
is critical, to make sure the process of handling
data going forward is as easy and streamlined as
possible. 

Consistency and rigour around how data is
being analysed
Question what the data can allow companies
to answer, avoiding lowpowered studies or ill-
fitting data

After these steps have taken place, things to think
about include:
 

 
An exceptionally in-depth and useful article on
recent progress on and different methods to
integrate multi-omics data was written recently
by Sijia Huang, Kumardeep Chaudhary and Lana
X. Garmire, and published in Frontiers in
Genetics. The article not only discusses the
progress of tools developed so far to ensure
successful multiomics integration, but also
discusses the methods of integration for best
predicting patient survival in a trial.

Data processing - integrating data to create a
merged dataset for further processing can
have a significant impact on the results
obtained, with different analytical tools chosen
for the integration also affecting outcomes.
Missing data imputation is particularly
problematic for multi-omics datasets. One
recent approach does, however, potentially
increase imputation accuracy by combining

Processing and analysing this increased wealth of
data still provides a challenge to even the larger
pharma companies, and with more varied data
being brought in the issues around
interoperability, siloing and FAIR data – including
waiting too long to move FAIR data – are only
increasing. Other challenges to be aware of when
integrating multi-omic data include:
 

 

DIFFICULTIES IN INTEGRATION

Given the importance of this data and
the advances in analytics and ML
approaches, it makes sense that larger,
well-resourced companies to implement
multi-omic, wide-ranging data into their
processes and trials.

https://www.frontiersin.org/articles/10.3389/fgene.2017.00084/full
https://www.ncbi.nlm.nih.gov/pubmed/27806083


Data scaling and false positives - Integrating
multi-omic data from numerous sources
increases the challenge of accounting for false
positives in the combined datasets. Currently,
no tools have been developed to properly scale
datasets or address false positives. Platforms
across the omics datasets also operate in
different numerical scales, time scales and
dynamic ranges of detection. Additionally, while
there is no consensus for adopting a single
workflow for data integration, an R-package has
been suggested to cover multiple datasets
while bearing in mind the different data
structures each unique omics dataset creates.

Data archiving and sharing - Archiving is
critical for creating reproducible multi-omics
research data. One solution to this problem is
to share analysis codes and scripts on open
platforms such as GitHub or cBioPortal. While
no archive for integrated multi-omics datasets
yet exist, useful open databases for archiving
individual omics datasets include:

Data interpretation - Biomarker discovery is
one of the biggest objectives of utilising multi-
omic datasets, essential to receiving useful
biomedical findings that are translatable to the
clinic. Companies interpreting and curating
these datasets without the appropriate
biological knowledge could end up with
biologically irrelevant molecules and networks
for testing, wasting time and money

the estimates of missing values from individual
omics datasets and impute several missing
omics data points via an algorithm
 

 

 
+ OmicsDI
+ The Cancer Genome Atlas
+ The Gene Expression Omnibus

 

computing and data science teams to aid in
creating a repository, and with
biostatisticians and computational biologists
for the analysis

Geneticists - while molecular biologists and
other specialist scientists are important for
pharmaceuticals, the need for a statistical
geneticist or genetic epidemiologist to look
at the external WGS and WES data from large
amounts of subjects is very vital. Dr Penny
said its important the analytics is treated
equally as importantly as the biology, so the
company is not driven either purely by P-
values or a tenuous link to the biological
pathway.

The impact of batch effects - Those
working with RNA-Seq datasets generated at
different times under different conditions
face enormous amounts of data: batch
effects here are not trivial to overcome. For
more information on correcting and avoiding
batch effects in omics data, see this useful
article on “Why Batch Effects Matter in Omics
Data, and How to Avoid Them” by Wilson
Wen Bin Goh, Wei Wang and Limsoon Wong 

 

 
 
 
 
While there are a number of issues existing
around processing, integrating and interpreting
multi-omic data, the benefits that can be taken
from successful integration of these datasets
makes them still a potent tool to
pharmaceutical companies. Creating
structured, focussed processes and ontologies
at the start of integration should ensure most
of the more complex challenges never become
enough of an issue to notice, and the benefits
of such holistic data make themselves known.
 

CONCLUSION

Communication and collaboration - Multi-
omic data research groups need to be
interacting with the research unit, scientists and
clinical development teams to ensure they are
collecting samples of data which address
questions relevant to the drug team. They also
need a good interaction with scientific 

OTHER TIPS

DATA-
DRIVEN 
DRUG 
DEVELOPMENT

https://bmcbioinformatics.biomedcentral.com/articles/10.1186/s12859-016-1455-1
https://github.com/
http://www.cbioportal.org/
https://www.omicsdi.org/
https://www.ncbi.nlm.nih.gov/geo/
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(17)30036-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0167779917300367%3Fshowall%3Dtrue
https://www.cell.com/trends/biotechnology/fulltext/S0167-7799(17)30036-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0167779917300367%3Fshowall%3Dtrue

